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World 5 Largest Dragline Bucket 


- « » made of Inland HI-STEEL for greater 


resistance to abrasion, lower weight 


MAGINE a scoop that moves 
25,000 tons of hardpan and 
That’s 
just what this huge dragline 
bucket 
coal company by the Page En- 


shale .. . every 24 hours. 
built for a mid-western 
gineering Company — is doing. 

When Page engineers designed 
this bucket, they faced the prob- 
lem of finding a metal tough 
enough to resist extraordinary 
yet light enough to 
handle effectively and economi- 


abrasion... 


Available in 
Many Forms 





cally, at least 30 cubic yards of 
earth per cycle. 

To solve this problem, they 
chose Inland Hi-Steel. This low- 
alloy, high-strength steel pro- 
vided the high resistance to abra- 
sion they needed. Its high 
strength-to-weight ratiomade pos- 
sible the use of lighter gage sec- 
tions without impairing strength. 

They found that Hi-Steel could 
be worked as easily as ordinary 
carbon steel... without chang- 


ing the fabricating equipment in 
their plant. 

It will pay you to investigate 
Inland Hi-Steel if you have a 
problem calling for steel with a 
high strength-to-weight ratio, 
greater resistance to abrasion o1 
corrosion. 

To make more Hi-Steel avail- 
able, other companies have been 
licensed to make this superior 
product. Write for Bulletin 
No. 11. INLAND STEEL CO.. 
38 S. Dearborn St., Chicago, II! 

Sales Offices: Chicago, Daven 
port, Detroit, Indianapolis, Kai 
sas City, Milwaukee, New York, 
St. Louis, St. Paul. 


Hi-Steel meets the requirements of SAE Specification 950 
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Continuous cooling from carburizing pot to —40°F. transforms about 
as much austenite to martensite (with resulting equivalent hardness) 
gs double quenching. Its utility, therefore, depends mostly on eco- 
nomics — the cost of the refrigeration versus second quench and temper. 





Subzero Treatments for 


Carburized Medium-Alloy Parts 





ConTrROL of the austenite content of the case 

of carburized and hardened parts is a com- 
paratively simple matter, the principles of which 
are quite well known. The amount of austenite 
retained is a function of the carbon and alloy in 
solution at the instant of quenching and the direc- 
tion and intensity of the internal stresses induced 
in the particular part by this operation. Since little 
or nothing is known about the latter factor, it is 
generally assumed to be constant for a given part, 
quenching operation and case depth. Austenite 
control in a given alloy steel, then, resolves itself 
into selection and strict control of the maximum 
carbon content and carbon distribution of the case 
in carburizing, and of the quenching temperature, 
speed of quench, and time in the hardening opera- 
tion. By fulfilling these conditions, the full range 
of alloy steels of carburizing grades may be satis- 
lactorily casehardened to produce a case with low 
austenite content and with sufficient excess carbide 
lor excellent wear resistance and a minimum sur- 
lace hardness of C-58. 

The above remarks are directed toward those 
parts which may be ground after hardening, so 
that distortion inherent in the double quenching 
'reatment can be corrected. When the distortion 
must be held to a minimum because the part must 
operate in the unground condition, as in automotive 
sears, the choice of heat treatments is considerably 
limited The lower alloy steels are used as-quenched 
‘rom the carburizer, with or without a subsequent 
‘emper, and are satisfactory in this condition. At 
the high or alloy levels, however, the austenite con- 





tent of the as-quenched gear is often too high for 
a satisfactory hardness and ¢tructure in the single 
quenched condition. The alternatives are (a) cool 
slowly.sfrom the carburizer (foll®wed by a reheat 
and quench) and accept the carbide network in 
the hypereutectoid zone, or (b) double treat and 
become resigned to a considerably longer lapping 
time to correct the additional distortion. 


Steels and Tests 


In the hope that subzero treatment of single 
quenched, medium-alloy carburized material would 
reduce the austenite content and hence improve the 
hardness and structure, the experimental work 
described herein was undertaken. Effects of various 
subzero treatments on the hardness, microstructure 
and size change were studied on seven common 
alloy carburizing steels in the single quenched 
condition: S.A.E.2512, 4620, 4820, 8620, 4320, 3310 
and Krupp. Although retained austenite is not a 
great problem in gears manufactured from S.A.E. 
4620, 8620, or 4320 steels, they were included in 
this study as a matter of interest, as they are often 
used after quenching from the pot and tempering. 
In addition, it may be desired under some con- 





By J. C. Selby and E. S. Rowland 
Metallurgical! [ Jept Steel and Tube Division 
Timken Roller Bearing Co., Canton, Ohio 
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Table I— Chemistry of Steels Studied 





l 
| DIAMETER - 4 Pe | 
TYPE or Ban Cc Cr | Ni | Mo 


0.15 | 4.95 | 0.03 


2512 | 2% &1% in.| 0.105 


4620 | 2% | 0.205 | 0.24 1.83 0.23 
4320 | 2%&1% | 0.21 | 0.47 1.84 0.23 
3310 | 2% 0.13 | 1.33 3.65 0.04 
3310 1% 0.10 1.38 3.56 0.03 
Krupp 2% &1% 0.13 1.51 3.94 | 0.03 


0.185 | 0.21 | 3.43 | 0.26 
| 0.20 | 0.20 | 1.74 | 0.23 
| 0.20 | 0.50 | 0.55 | 0.22 


4820 2% &1% 
4620 1% 
8620 2% &1% 














ditions to lessen the austenite in the case of a gear 
made of these steels. 

All samples were from production heats of 
electric furnace and openhearth steels. The anal- 
yses of the heats are listed in Table I. 

Hardness and microstructure determinations 
were made on 1-in. rounds, 144 in. long, cut from 
144-in. diameter hot rolled bars. Rings for 
measuring size changes and carbon pene- 
tration were machined from 2'-in. forged 





which was retained in the quenched and te: pere, 
condition. All samples were in duplicate. 

After all heat treatments were completed, flats 
were ground on diametrically opposite sides of each 
bar, one 0.005 in. below the tangent surface and 
the opposite one 0.010 in. below. Ten Rockwel! 
hardnesses were taken on both flats, and an average 
computed. When the hardness results for the two 
levels were compared, no significant difference was 
noted on any of the steels, so the two sets of valyes 
were averaged and are reported hereinafter as ap 
average value for each treatment. 

After these initial hardness determinations, 
the duplicate samples were given additional cold 
treatment at the temperatures previously used 
(The longer times at —80° F. were omitted, as this 
temperature could not be controlled with sufficient 
accuracy for the desired lengths of time.) The 
additional treatments were done in_ two steps, 
namely, 5 hr. (for a total of 6 hr.) followed by 
hardness determinations, and 18 hr. (a total of 24 


Table II — Carbon Penetration on Test Rings 





























bars. The carbon test ring is 2% in. out- . ; . . 

side diameter, 14% in. inside diameter, 142 nt —_ _ Cannon ConTENT oF Stee. Norep 

in. wide. It is carburized with the charge, Seemame 2512 | 4620 | 4820 | 4320 | 3310 |Krupp 8620 

mica cooled, and machined in 0.005-in cuts : samen | ianee taaaeee tame - oy rere “ ag Pe 

al agen a penees. 0.010 | 0.97 | 1.05 |1.03 |1.00 |0.94 0.99 0.96 
Samples for hardness and microscopic 0.015 0.94 |1.03 |1.01 (0.99 [0.93 (0.99 0.93 

tests (except for S.A.E.8620) were carbu- 0.020 |0.92 |1.02 |0.99 |0.96 [0.92 |0.96 — 0.89 

rized in a raw natural gas atmosphere at 0.025 (0.89 |1.00 |0.93 (0.92 {0.86 [0.92 0.87 

1700° F., using a 19'-hr. total time cycle, 0.030 0.85 | 0.94 0.89 0.90 0.83 0.89 = 0.82 

composed of 4% hr. heating time, 10 hr. 0.035 0.82 | 0.90 | 0.85 0.85 0.81 0.85 0.70 

carburizing time, and a 5-hr. diffusion 0.040 0.78 | 0.86 | 0.81 0.82 0.75 0.81 0.74 

period. Upon discharge, the 1-in. diameter repo “ee be pipe pegs ppt pape are 

0.050 0.67 0.78 0.72 {0.72 0.68 0.72 0.00 

by 1'4-in. long samples were quenched with 

the rest of the charge in oil at approxi- 

mately 150° F., and the carbon test rings 

were mica cooled to permit machining. Results hr.) also followed by hardness tests. The results 


of the analyses showing carbon penetration are 
given in Table II. 

After quenching, the bar samples were divided 
into two lots, one of which was given an immediate 
temper for 1 hr. at 350° F. The other lot was sub- 
divided further for three cold treatments at —100, 
—80 and —40° F., respectively (1 hr. each). Since 
the quenching oil was at about 150° F., all samples 
could be got into the various cold treatments before 
they had reached room temperature, thereby 
approximating a continuous quenching from 


1700° F. to the respective subzero temperatures. 
A 350° F. temper for 1 hr. followed the cold 
treatment. 


The lot which was tempered immediately after 
the quench was then treated as noted above for the 
other lot with the exception of one set of samples, 
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were treated exactly as were the first set of hard- 
ness values. Table III summarizes the treatments 
used, and the hardness values obtained are show? 
graphically in Fig. 1 and 2. S.A.E.8620 steel 
(Fig. 1) was not included in the original comple: 
ment. When it was decided to include this analys's. 
some of the original test conditions had _ bee! 
proved valueless and were omitted in this series 


Hardness Changes 


in 
the 
» study 
its are 


Since the results showed major changes 
hardness, indicating significant variation 10 
amounts of retained austenite, a microsco} 


was made of the samples and typical r 


All photogray!s wer 
ed the 


illustrated in Fig. 3 to 5. 
taken at that point in the case which sh 
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maxiniom amount of retained austen- 
ite, and the position of this point 





Table III — Schedule of Treatments After Quenching* 





















































































' relative to the surface is noted in SAMPLE 7 _| First Cotp |. SUBSEQUENT 
S tive v« = . : PERT ‘ eERT ™ - 
the respective captions. (Cope) EMPERT TrearTmeNT?, PEMPER Co_p TREATMENT 
h All oil quenched steels showed a staal eres — - — 
id hardness inerease after any of the 1A None —100 350 No additional ; 
|] westmsnts, 9 | led 1B None —100° 350° 100°, 5 hr., total 6 hr. 
a 2 oes oo 1C None —100° 350° 100°, 23 hr., total 24 hr. 
pt to —100° F. (the lowest temperature 2A None _ 80° 350° No additional 
; used, represented by Code 1 and 3A None 40° 350° No additional 
" Code 4 for each steel) showed the 3B None —4e* 350° —40°, 5 hr., total 6 hr. 
eS highest hardness, either singly or in 3C None 40” 350° -40°, 23 hr., total 24 hr. 
in average. Cooling to the other tem- 4A 350° 100° 350° No additional 
peratures investigated also increased 1B 350 ~100° 350° -100°, 5 hr., total 6 hr. 
‘, ro : 4C 350° 100° 350° 100°, 23 hr., total 24 hr. 
the hardness, but usually to a lesser ; ay Ms von : ne 
id ' \ ted th fect f DA 350 —80 350 No additional 
= xtent. As expected, e effect o : alti : ‘iui ; iin 
| exte : I ; 6A 350 —4( 350 No additional 
retrealment for longer times was not 6B 350° — 4) 350° —40° 5 hr total 6 hr 
is a Pa »* ** « . 
significant. The effect of a temper 6C 350° —40° 350° -40°, 23 hr., total 24 hr. 
, between quench and subzero treat- 
le : : & ; wai "2 200 & : = a 700° F. 
t ment is shown to be very slight — All quenched in oil at 150° F. from carburizing cycle (1700° F.) 
A : : ? " +Temperings and first cold treatment all for 1 hr. 
compare Code 1 to Code 4, 2 to 5, 
\ ‘ . ry 
: and 3 to 6. These remarks apply 
| lo all steels, although with higher alloy content Size Changes 
and lower initial hardness, the changes are pro- 
portionately greater. Size changes were studied on rings of approxi- 
For evaluating the response: of the different mately 2.18 in. outside diameter, 1.46 in. inside 
— 
steels to cold treatment, they are best divided into diameter, and 0.365 in. wide, made from the four 
two groups: First is the lower alloy steels shown higher alloy types. The rings were carburized at 
in Fig. 1 (S.A.E.8620, 4620 and 4320), all of which 1700° F., using a 6-hr. carburizing time followed 
were well above C-60 after cold treatment; second by a 3-hr. diffusion period, and then quenched 
is the higher alloy group shown in Fig. 2 (S.A.E. from the carburizing furnace. All rings were given 
212, 4820, 3310 and Krupp), of which only occa- a 350° F. temper for 1 hr. and stability tests were 
sional samples reached C-60 after cold treatment. begun at this time. 
Microstructures are shown in Fig. 3 to 8. Samples were ground and lapped after the pot 
Three typical sets “before and after” are shown, quench and temper, and a set of measurements 
each of which shows to what extent a different taken on each ring to the nearest 0.000,05 in. Three 
steel may be changed by the subzero treatment. rings of each type were studied — a total of 12 sets 
- 
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Fig. 1— Hardness of S.A.E. 4320, 4620 and 8620 After Carburizing. 
Oil Quenching and Various Subzero Treatments. (See also Fig. 2) 
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These measurements 
were completed slightly more than 
three months after the carburizing 
All samples were then 
given a subzero treatment (—100° F. 
for 24 hr.) and returned for final 
measurements, which were com- 
pleted one month later. These delays 
were not intentional, but were due 
the fact that the 


of readings. 


demands of 


this experimental work. 

The growth for all samples was 
then calculated, and an average 
value for each steel obtained. 
results were fairly consistent. 
figures were reduced to inches per 
inch of outside and inside diameters, 
and the resulting data are presented 
in Table IV. 
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Table IV — Dimensional 











Changes After Subzero The results are generally 
Treatment in line with the hardness data 
onanene tie Meats. That is to say, the steels which 
, showed the largest amounts 
STEEL | QursipE INSIDE of austenite after quenching 

DIAMETER | DIAMETER showed the largest change jn 
4820 +-0.0052 40.0045 dimensions after cold treat. 
2512 0.0044 0.0041 ment — obviously due to trans. 
3310 0.0074 0.0048 formation of the austenite by 
Krupp| 0.0062 | 0.0048 subzero treatment. The degree 

















of response is somewhat sur. 
prising in view of the long 
period at room temperature between quench and deep freeze (over 
three months) since some stabilizing effect might be expected from 
this holding time. 

The data of Table IV indicate a greater divergence between 
the growth of outside diameter, as compared to growth figures 
on inside diameter, with increasing austenite content prior to cold 
treatment. This is believed due to the circumstance that the region 
containing the austenite has only a very small radial dimension 
and hence exerts its major influence circumferentially. It is only 
at the higher initial austenite contents that the growth in the radial 
direction becomes significant, and causes the inside diameter to 
grow much less than the outside diameter. Because of the many 
other factors involved, the data of Table IV should be considered 
only as confirmation of the hardness changes and not as a guide 
to the size changes which may take place in production parts 


Conclusions 


The following conclusions appear justified from the dala 
obtained: 

1. Quite significant increases in hardness can be obtained by 
subzero treatment of alloy carburizing steels quenched from the 


Fig. 2— Hardness of Krupp, S.A.E. 2512, 3310 and 4820 Steels 
After Carburizing, Oil Quenching and Various Subzero Treatments 
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pot. The steels do not appear to be readily 
tible to “austenite stabilization”, and may 
ipered prior to deep freezing. 
The choice of the subzero temperature to 
be used depends upon the steel, the final case hard- 
ness desired, and economics. The small increment 
of hardness obtained by cooling to —100° F. over 
that —40° F. not 
warrant the added expense. 

3. No evidence was obtained which would lead 
to the belief that the product of the subzero treat- 
ment was better or different in any way from that 


suse 


be te 


obtained at 80 or often does 


obtained by double quenching. 
subzero not 


Due to the expense, 
offer 


carburized 


treatment does seem to 
the 


products, 


any 


advantage in processing of and 


ground such as roller bearing parts. 


However, if minimum distortion is of paramount 
importance in production, deep freezing does seem 
to offer some hope of producing single quenched 
parts from medium-alloy steels, having surface 
hardnesses and microstructures substantially equiv- 
alent to those obtained by double treatment, and 
without the added distortion inherent in the double 


quench, rs ] 
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This is the concluding portion of a general article on ‘“‘Determination of Phase 
Diagrams” prepared for the 1948 edition of **Metals Handbook”. It discusses aux- 
iliary experimental problems and gives a simplified derivation of the phase rule. 





Phase Diagrams and the Phase Rule 





IN THE FIRST PART of this general article 

about the determination of phase diagrams 
was described the various ways whereby the 
boundaries of the phase fields can be fixed. In this 
concluding portion certain methods and precau- 
tions for such auxiliary operations as temperature 
measurement, selection and analysis of the repre- 
sentative alloy compositions, and the plotting of 
the phase diagram will be briefly discussed. 
Finally, a brief mathematical derivation of the 
phase rule will be presented, since most of the 
metallurgical texts treat this matter in a_ very 
sketchy way and the treatment in books on 
thermodynamics is usually entirely too involved. 
It is thought that if the metallurgist understands 
the derivation, the phase rule can be applied much 
more intelligently. 


Temperature Measurement 


Temperature measurement is usually best done 
by a good potentiometer which measures the volt- 
age across a calibrated thermocouple in good 
thermal contact with the specimen. Above the 
range where thermocouples can be used, a radia- 
tion (or optical) pyrometer must be used, making 
it important to approximate black-body conditions 
as nearly as possible by sighting down a tube into 
a relatively large isothermal region in which the 
specimen is located. 

In general, the temperature should be held 
constant over a sufficiently long period to insure 
both thermal and chemical equilibrium. However, 
sometimes it is necessary to take measurements 
while the specimen is being heated or cooled; 
temperature gradients should then be minimized 
by using a specimen of small cross section. Other- 
wise, inaccuracies in the temperature measure- 


ments may be caused by some portions of the 
specimen transforming at a different time from 
those adjacent to the couple. It is desirable to 
record constantly changing temperatures with an 
accurate, rapid, self-balancing potentiometer. 

Chemical composition should be determined 
by accurate analysis of representative samples. A 
few precautions will be pointed out: 

It is important to use metals of high purity. 
Very small amounts of impurities may make sub- 
stantial differences in the diagram. For example, 
a few hundredths of a per cent of iron in alumi- 
num-manganese alloys change greatly the position 
of the solvus curve, because the iron goes into 
solution in the manganese constituent and reduces 
its solubility. Since it cannot be predicted in 
advance which elements will cause substantial 
changes, and which negligible ones, it is essential 
to use materials of the highest purity obtainable, 
melted under conditions which will minimize con- 
tamination, and the alloys should then be analyzed 
to reveal any accidental additions, 

Alloys should be cast under conditions giving 
a high rate of progressive solidification, to obtain 
a sound, fine-grained structure as free as possible 
from segregation. All ingots or slabs should be 
scalped to remove any exudation or surface con- 
tamination. Whenever the alloy is workable, 
samples should be rolled, forged, swaged, extruded 
or otherwise worked to break down the as-cast 
structure and assist in homogenizing the material 





By Williom L.. Fink 
Chief. Physical Metallurgy Divisior 
Aluminum Research Laboratories 


New Kensingk in, Pa 
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ten changes in composition occur during 

the hating to attain equilibrium. For example, 
allovs of mereury, cadmium, sodium, zinc, and 
magnesium may lose these volatile elements dur- 
ing prolonged heating. Some of the specimens 
actually used in the equilibrium studies should be 
checked to see whether any such loss has or has 
not occurred, 

if small chill-cast samples are used for the 
routine analysis, the composition of occasional 
equilibrium specimens should be checked. It is 
especially important to analyze specimens giving 
data inconsistent with those of adjacent specimens. 

Obtaining Equilibrium — Equilibrium is estab- 
lished most rapidly in cold-worked specimens 
from fine-grained ingots. It is often necessary to 
keep the specimen at the desired temperature for 
some time, then to quench, cold 
work, and reheat. Particularly 
at the lower temperatures, it has 
even been necessary to repeat 
this cycle several times to obtain 
equilibrium. Material which can- 
not be worked should be chill- 
cast as small specimens to obtain 
is fine a structure as_ possible, 
and should be held at tempera- 
lure for prolonged periods. Even 
under the most favorable condi- 
lions, equilibrium cannot be 
established in cast material at as 
low a temperature as it can in 
wrought material. 

For some of the points on 
the diagram, equilibrium should 
be attained by approach from 
both higher and lower tempera- 
lures. If this is not done, a 
‘steady or metastable state may 
be mistaken for equilibrium. 


Selection of 
\lloy Compositions 
Binary Systems In general 
the selection of alloy composi- 
lions should not be made on the 
basis of obtaining equal spacing 
across the diagram. There is no 
Way of determining, before any 
Work is done on the system, 
‘actly what compositions should 
‘cled. Some _ preliminary 
S usually necessary to get 
ral idea of the diagram. 
ind microscopic examina- 


X-ray 


lon ot a few cooling curve slugs 


will ordinarily allow a_ satisfactory selection of 
alloy compositions for a more detailed study of the 
system, or of those portions which are of immmedi- 
ate interest. 

Ternary Systems —- Mapping a ternary or more 
complex system is usually a long and arduous 
task. Every effort should be made, therefore, to 
reduce the work by proper selection of composi- 
tions. The method proposed by Reinders and 
Guertler in 1915 for the preliminary study is very 
useful: it has been described in English and 
extended to more complex systems by Beck 
(Journal of Applied Physics, V. 16, 1940, p. 808) 

In ternary systems all the points representing 
single phases in the binary boundary systems are 
connected by all possible straight lines. Compost- 
tions corresponding to the intersections of some of 


Photo courtesy Saginaw Malleable Iron Division, General Motors Corp 
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these lines are then used for preliminary examina- 
tion. Guertler originally recommended micro- 
scopic identification of the phases in these alloys, 
but powder patterns give more positive informa- 
tion. The phases found in these samples show 
which of the lines represent binary systems and 
which ones have no physical significance. This 
permits the large triangle representing the entire 
system to be divided into smaller triangles repre- 
senting partial ternary systems. 

The above procedure requires some modifica- 
tion whenever the powder patterns reveal the 
existence of a ternary phase or phases which do 
not exist in any of the binary boundary systems. 
Then it is necessary first to determine the compo- 
sition of this phase and second to connect or relate 
its composition with compositions of the various 
binary phases. 

The next step in the study of the ternary 
system is to determine the diagram for those 
binary systems which have been established by 
Guertler’s method. Then the diagram for each 
of the partial ternary systems can be drawn after 
a preliminary survey, as in the binary systems. 


Drawing of the Phase Diagram 


Weighting of Results—-As remarked at the 
outset, most of the features of an equilibrium dia- 
gram should be determined by more than one 
method. Results obtained should check one 
another, giving added confidence in the accuracy 
of the diagram. However, when significant dis- 
crepancies occur, the values obtained by the dif- 
ferent methods should be weighted in accordance 
with the expected accuracy. In some instances 
one set of values may be disregarded entirely — 
for example, a liquidus curve determined by the 
settling method and by cooling curves should be 
drawn through the points determined by the set- 
tling method if there is a significant difference 
between the two sets of values, and if the cooling- 
curve data are at lower temperatures. (Even after 
eorrecting for undercooling, cooling curves may 
give low results.) 


Three-Dimensional Models 


In determining binary diagrams, rectangular 
coordinates are of course used for plotting the 
data and selecting compositions for additional 
tests. However, in determining ternary equilibrium 
diagrams, satisfactory representation of the data 
is not so simple. Perspective drawings of three- 
dimensional models or isothermal sections of such 
models can be used, but unless the investigator is 
unusually good at visualizing the three-dimen- 


sional diagram, it is more satisfactory to construct 
a space model as the work proceeds. 

A simple and fairly satisfactory procedure js 
to use a base of soft wood on which is ruled the 
Gibbs’s triangle. Stiff pointed wires can be 
driven vertically into this base to represent the 
compositions of the samples investigated. Marks 
of various colors of paint (representing the solidus, 
the liquidus, and other reactions encountered jp 
the system) are made on these wires to indicate 
temperatures. Other types of three-dimensional 
models have been described in the literature. 


Thermodynamic Relations 


In spite of all the care which may have been 
used in the experimentation, the results should be 
scrutinized carefully for errors or inconsistencies. 
Thermodynamic relations help greatly in such 
appraisals. The most fundamental of the ther- 
modynamic relations, known as the phase rule, 
defines the number of phases which can be in equi- 
librium. If the number observed is inconsistent 
with the phase rule, either equilibrium was not 
attained in the experimental work or there have 
been too few experimental points to reveal all of 
the phase boundaries. 

The phase rule is a simple equation which 
applies to all systems in equilibrium and gives the 
relation between the number of phases, the num- 
ber of degrees of freedom, and the number ol 
components. It is desirable to define these terms, 
as briefly as may be. 

The term “phase” was defined in the firs! 
paragraph of the article in the April issue. (The 
air above the crucible, regardless of whether or not 
it contains some metal atoms, is not a phase 0! 
the alloy.) 

The “number of degrees of freedom” equals 
the number of intensive variables (properties that 
are independent of the mass of the sample) which 
may be altered arbitrarily within certain limits 
without causing the disappearance of any phase 
or the formation of a new phase. The intensive 
variables commonly used in applying the phase 
rule are pressure, temperature, and the ratios of 
the masses of the components existing in the 
different phases. 

The “number of components” is equal to the 
smallest number of independently variable com 
stituents by means of which the composilion 0! 
each phase participating in the state of equilib- 
rium can be expressed. 

The phase rule can be developed very simp!) 
if we accept the conditions for equilibrium unde! 
constant temperature and pressure (which «2n be 
proved thermodynamically by the use of th func 


Metal Progress; Page 674 








tion known as free energy or thermodynamic 
potential), namely, that the temperature, pressure, 
and the chemical potential of any component is 
the same in all of the phases. Let F equal the 
degrees of freedom, C the number of components, 
P the number of phases, » the chemical potential, 
and m the mass of a component. Different phases 
are distinguished in the equations by accents and 
the different components by subscripts. Using 
these symbols, the intensive variables are: 





Pressure 

Temperature 

Me Mg, ™........ mé 
m m mM, M3 
. &. &. see mM 
Fe . eer * 
m; my; MF MM; 


That is, the total number of intensive variables is 
2+P(C-1). 

The independent equations which have to be 
satisfied by the system in equilibrium are as 
follows: 


JA; = AL; = Al, Seaceesen gol 
-2 «Mz; = 2 Bocveccese A432 
Jif fit = AG arene 8 


That is, there are C(P—1) equations which must 
be satisfied. The number of variables which are 
left indeterminate are the number of variables in 
excess of the number of equations. Therefore, 
the number of degrees of freedom F, which is the 
number of indeterminate intensive variables, is 
shown by the equation 


F=2+P(C—1)—C(P—1) 
or, F=2-P+C 


The last expression is the form generally 
encountered in the literature. 

In this derivation it was assumed that each 
of the C components was found in every one of the 
P phases. However, if a component is absent from 
some phase, the same rule will be obtained because 
the ratio of the mass of that element in that phase 
Will be absent, thus reducing the intensive varia- 
bles by one, and the chemical potential for that 
component in the given phase will be absent, thus 
reducing the number of equations by one. 
| in metallurgical work, however, one of the 
intensive variables, pressure, is usually constant 
atm spheric). This obviously reduces the num- 
ber intensive variables by one but makes no 
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change in the number of equations. The phase 


rule then becomes 

F=1-—P+C 
This is the form of the phase rule which serves 
as a criterion when mapping the temperature- 
concentration equilibrium diagrams customarily 
used in metallurgical work.* 

It is particularly important to check the num- 
ber of phases present along reaction horizontals 
representing invariant equilibria. Diagrams have 
been published showing four phases along the 
reaction horizontal in a binary system. Applica- 
tion of the phase rule would have prevented such 
an error. 

The phase rule gives no information con- 
cerning the location or the shape of the phase 
boundary. There are two thermodynamic equa- 
tions which do give some information on this 
subject: 


logeX' = — phe + C (1) 


0e(-Ht)- 4-H) 


where 2’ = mol fraction of alloying element 
x, = mol fraction of solvent in liquid phase 
x, = mol fraction of solvent in solid phase 
LL = molal heat of solution 
R = gas constant 
T = temperature, degrees absolute 
T. == freezing point of solvent, degrees absolute 
C = integration constant 


Equation (1), which was first developed by 
LeChatelier, gives the relation between the con- 
centration of a solution and the temperature when 
the precipitating phase is a pure element or com- 
pound. Equation (2), which was first developed 
by Van Laar, gives the same relation when the 
precipitating phase is a solid solution. In the 
derivation of both these equations the assumptions 
are made that the solutions are perfect (that is, 
the activity is equal to the mol fraction) and that 
the heat of solution remains constant over the 
temperature range considered. Although these 
assumptions cannot be expected to be valid in all 
cases, the equations have been very useful in cor- 
relating the equilibrium relations in binary alu- 
minum alloys of high purity. 

Various rules for the shape of certain portions 
of phase boundaries have been derived from 
thermodynamic considerations but will not be 
discussed here. In this regard the reader is 
referred to an article by Wilson in Journal of the 
Institute of Metals, V. 70, 1944, p. 543. e 


*In case the singular pressure were one atmos- 
phere this condensed form of the equation would not 
apply, but no such case is known for metal systems. 
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“IN THE PHENOMENAL YEAR OF 1870,” the 

burly old steel treater boasted, with a 
shrewd twinkle, “the Franco-Prussian War began, 
Italy became a kingdom, Robert E. Lee died, but 
Aguinaldo and I—Charles Ulysses Scott were 
porn.” This makes large-speaking C. U. Scott at 78 
the dean of steel treaters in the U.S. and there- 
fore someone to contemplate. He began when the 
blacksmith forge and quenching barrel made up 
the sole heat treating equipment in a community. 
He began when the “expert” heat treater was in 
the toolroom and had a formula of secret ingre- 
dients which he mixed at home and carried to work 
in a paper bag. Scott’s first job as a_ 16-year- 
old was swinging a man-size sledge, punching eyes 
in hammer blanks for the Hardsocgs who then, 
as they still do, made coal and rock drilling 
equipment at Ottumwa, in lowa’s coal and manu- 
facturing country. This was near Albia where he 
was born. 

He was 22 when he started his own business, 
a blacksmith shop, in Ottumwa. His specialty was 
making aluminum horseshoes for thoroughbreds. 
He put steel studs in the shoes for ground grippers. 
Dan Patch, the mighty pacer, won many a race 
wearing Scott shoes. Scott-shod also was the big 
black stallion that carried “General” Coxey, that 
onetime rolling mill hand, when he led his “army” 
of jobless to President Grover Cleveland’s Wash- 
ington. “They certainly knew how to live off the 
country,” Horseshoer Scott remembers. 

He turned his hand, a huge delicate hand, to 
nursing when the Spanish-American War sent him 
to Florida as a volunteer and most of his company 
contracted typhoid. That medical experience made 
him want to become a surgeon, like one of his 
brothers, so he went to Chicago, got a job harden- 
ing tools in Crane Co.’s machine shop, studied 
medicine nights. “I also earned some money by 
making sealpels and other surgical tools; and 
razors you could use ten times without stropping 

if your face could stand it.” Overwork forced 
him to give up medicine. 

This restless, ambitious man, now 34, then 
gol a job with the Rock Island Arsenal as a tool 
hardener (a job he evidently filled with lasting 
Satisfaction, for during World War I he returned 
as consultant, to supervise the department). But 
eventually he set up business as “C. U. Scott, at the 
Head of Wall Street, Davenport, Iowa”. As “C. U. 
Scott & Son” he now (and since 1906) has his 
establishment in Rock Island, from where he 
declares it to be the first custom steel treating 
plant established in the U.S.A. 

‘le continues to live across the Mississippi in 
Davenport, in a folksy little house which he 
boucht after he had remarried. The present Mrs. 
Scot! a small woman whom he could lift sitting 
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in one of his hands, was a Davenport milliner to 
whom he had apparently paid no attention, as they 
both like to recount, but he says, “It wasn't so sud- 
den. I needed a wife. I looked around. She fit.” 

His older grandson is now in the family busi- 
ness, and the younger one wants to get in right 
away without finishing college. “But I'm not letting 
him,” says their grandfather and mentor. (Their 
father, his only child, died eight years ago.) “They 
might as well learn the business while they are 
young, but there's a lot to college degrees in metal- 
lurgy and in business science. So the youngster 
can finish his schooling.” 

C. U. Seott was a member of the American 
Steel Treaters Society and the 1918-1919 Journal 
contains the text of two brief talks given by him, 
one on “Heat Treatment of Drop Hammer Dies” 
and the other on “The Heat Treatment of High 
Speed Steel”. In the latter he said, “It is the duty 
of this society to show that the treatment of steel 
is not a mystery, but an art.” This indeed would 
be the conclusion any observant visitor would 
form today after inspection of Scott's busy estab- 
lishment, well equipped to give almost any sort 
of tool or machine part almost any kind of heat 
treatment. Commercial heat treaters get only the 
hard jobs, the pieces which the manufacturer 
either is not bold enough to handle in his own 
plant, or which are needed in such small number 
that economical shop routine cannot be set up. 
Here is where the resourceful artisan shines. 

Much of his early success as a commercial 
heat treater came from his ability to anneal the 
hard-to-anneal steels in amazingly short times by 
methods later known in the scientific metallurgist’s 
vocabulary as “isothermal transformation”. How- 
ever, as his bright particular achievement, Scott 
regards his process for surface hardening of the 
18-8 stainless steels, which is done with such pre- 
cision that customers come to him from as far as 
both oceans. He, approaching the end of his long 
and active career, has considered several schemes 
whereby he could license either the “secret” method, 
or establish the sale of the necessary salt bath, but 
has never been convinced that any arrangement 
would not lead to widespread piracy. Here is one 
of those situations where the patent law is inade- 
quate to protect the inventor — indeed defeats the 
aim which Scott has held since that talk given 
before the Steel Treaters 30 years ago. 

“T ought to retire completely,” says 78-year- 
old Charles Ulysses Scott. “I will when both 
grandsons get their teeth into this business. Mean- 
while, I'm taking it a little bit easier and enjoying 
myself a lot more. Yes, I'm an old steel treater. 
I guess there’s no more like me. Hobbies? I like 
good workmanship, good living, good hunting, 


good clothes, good women.” Myron WeEtss 

























Russian Scientists Criticize Einstein 


The Letter* 


N RECENT YEARS the venerable scientist Albert 
Einstein several times raised his voice against 
Hitlerite barbarians and against danger of new war, 
in defense of stable peace and against dreams of 
militarists to subjugate American science com- 
pletely. However, in his latest statements he has 
joined the motley company who believes ‘‘ world 
government’’ may be a panacea for securing world 
peace, alleging that state sovereignty in the atom 
age is an old, outmoded idea. 

The idea of ‘‘world government’’ reflects the 
fact that capitalist monopolies need world markets, 
world sources of raw materials and regions for 
investment capital. We know this perfectly from 
our country’s recent past. Money received from 
foreign banks of the Tsarist government suppressed 
the revolutionary movement in this country and 
handicapped the development of Russian science 
and culture. The great October Socialist revolution 
smashed these chains of economic and _ political 
dependence and made our country a truly free and 
independent state, advanced, with an unprecedented 
tempo our socialist economy, technique, science and 
culture, and made our country a reliable bulwark 
of peace and security of the people. 

And now the advocates of ‘‘world superstate’’ 
invite us to surrender this independence voluntarily 
in the name of a certain ‘‘ world government’’ which 
with a high sounding trademark conceals world 
domination of capitalist monopolies. 

Einstein proposes a ‘‘ world parliament’’ which 
would have the right to pass final decisions, throw- 
ing aside the principle of unanimity of great powers. 
As is known, the American delegation at United 
Nations takes advantage of the fact that the vast 
majority of nations are in dependent position and 
are forced to adapt their foreign policy to the 
demands of Washington. There is thus created a 
mechanical majority which votes on orders from 
its real bosses. Yet Einstein has gone so far as 
to say that if the Soviet Union refuses to join such 
an organization, organized along new lines, other 
states will have full right to enter this road without 
the Soviet Union. 

These statements actually amount to this: If 
one does not sueceed in turning the United Nations 
completely into a weapon for imperialistic plans 
and schemes of the State Department of the United 
States, it is necessary to blow up this organization 
from inside and create in its place a new ‘‘inter- 
national’’ organization without the participation of 
the Soviet Union and countries of new democracy. 


*Extracts from letter published in The New Times, 
Moscow English language paper, and signed by Sergei 
Vavilov, president of the Academy of Sciences of the 
U.S.S.R., and three other Russian scientists of inter- 
national repute. 


The Replyj 


OUR ATTITUDE on the significance of the 

antagonism between socialism and capitalism 
seems to dominate completely your views on inter- 
national problems. I share your view that a social- 
ist economy possesses advantages; however, we 
should not blame capitalism — or, we should say, the 
system of free enterprise — for all existing social 
and political evils. 

For many reasons the United States is now 
compelled to emphasize her export trade, and these 
exports must be financed through loans granted to 
foreign countries. It is difficult to imagine how 
these loans will ever be repaid. For all practical 
purposes, therefore, these loans must be considered 
gifts. There is a real danger that these gifts may 
be used as weapons of power politics. 

Is it not true, however, that we have stumbled 
into a state of international affairs which tends to 
make every invention of our minds and every mate- 
rial good into a weapon, and consequently into a 
danger for mankind ? 

Although your letter attacks me for my sup- 
port of ‘‘world government’’, it is mainly an 
attack upon the nonsocialistic countries, particularly 
the United States. I believe that behind the aggres- 
sive front there lies a defensive mental attitude 
which is nothing else but a trend toward an almost 
unlimited isolationism. However understandable 
this desire for isolation may be when one realizes 
what Russia has suffered at the hands of foreign 
countries, it remains no less disastrous to Russia and 
to all other nations. 

If we hold fast to the concept and practice of 
unlimited sovereignty, each country reserves the 
right for itself of pursuing its objectives through 
warlike means. Under these circumstances, every 
nation must be prepared for that possibility ; it must 
try with all its might to be superior to anyone else. 
This objective will dominate more and more our 
entire public life and will poison our youth long 
before the catastrophe is itself actually upon us. We 
must not tolerate this, however, as long as we still 
retain a tiny bit of calm reasoning and human 
feelings. 

This alone is on my mind in supporting the 
idea of ‘‘world government’’, without regard to 
what other people may have in mind when working 
for the same objective. I advocate world govern- 
ment because I am convinced that there is no other 
possible way of eliminating the most terrible danger 
in which man has ever found himself. The objective 
of avoiding total destruction must have prior!'y 
over any other objective. 


+Extracts from “A Reply to the Soviet Scientists”, 
by Albert Einstein. Bulletin of the Atomic Scientis' 
February 1948. 


Presentation of verbatim extracts from important contemporary documents concerning atomic energy does 
not imply that the Editor agrees with the opinions quoted, nor that they are expressions of A.S.M. policy 
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| RECEIVED A PHOTOSTAT from a friend of 

mine of the “Notes About Some Steel Car- 
tridge Cases Made in Germany”, printed in Metal 
Progress for March 1945. Since much of the 
information contained in this article had to do 
with German manufacture prior to the war, and 
since I had some experience in the same type of 
operation between January 1939 and May 1940 in 
various arsenals and cartridge factories in France, 
advising on proper methods of fabrication of steel 
made in our own works, it may be well to add a 
few notes to those already published in America. 
What follows deals with artillery ammunition for 
small and medium-sized field guns of 20, 25, 37, 
47 and 75-mm. caliber. 

Choice of Steel — The first work with which I 
had contact was for ammunition for a 37-mm. 
gun mounted on a submarine. I went on the 
assumption that a nonaging steel should be espe- 
cially suited for this manufacture, since the work 
{ drawing should induce no brittleness whatever 
in such a steel. The first ammunition was there- 
lore made of a very soft grade of openhearth steel, 
killed with an excess of aluminum and titanium. 
its tensile strength was 51,000 psi. with elongation 
of 30° or more. This lot of cartridges proved 
unsuccessful due principally to the fact that they 
stuck in the gun chamber and were hard to eject 




















By E. Herzog 
Supt Research Department 
P mpey Steel Works Pompey. France 





Successful artillery ammunition was made of nonaging 0.10% C steel strip, 
quenciied from within the Ac,-Ac,; range, not tempered nor stress relieved 
after forming into cartridge cases. Close thickness tolerances and very 
smooth nondecarburized surfaces are also essential specifications for the strip. 


Prewar Freneh Experience 


With Steel Cartridge Cases 
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from the breech after firing; briefly, they were 
“stickers”. For this reason the next group of 
cartridges was made from harder grades of steel, 
containing 0.08 to 0.12% carbon. (We later found 
that for small cartridges for infantry and auto- 
matic rifles it is better to work with even harder 
steel containing 0.15 to 0.20% carbon.) 

We made this second batch of steel very care- 
fully, killing it with aluminum and titanium, as 
before, to insure a nonaging quality. We also 
added a slight amount of chromium (0.15%). The 
steel was very sound; it contained no long inclu- 
sions. The transverse impact values were high, 
and were only slightly affected by strain-aging 
a reduction of 10 to 15% being the maximum 
shown on the tests. In the formulation of this 
steel it was our idea that the chromium and tita- 
nium content would stabilize the carbides and 
nitrides, thus counteracting to a considerable 
extent the disadvantages of aluminum, such as its 
effect in promoting decarburization during 
annealing, and even graphitization. (This steel 
was similar to those studied in the United States 
by Herty, Hayes, Griffiths and others.) 

Proof firing indicated that cartridges with a 
coarse crystalline grain at the base have a low 
yield point (28,000 psi. or less) and stick in the 
breech of the gun. Such cartridges tended to 
crack if their surface was decarburized. In order 
to insure the necessary fine grain size, even after 
critical cold work (10 to 20%), which occurs in 
fabrication near the base of the case, all annealing 
after drawing was done at 600 to 650° C. (1110 to 
1200°F.). Partial softening of the mouth for 
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We found that 
necessary uniform conditions could not be secured 
by passing the ends of the cartridges through a 
slot heated with gas flames. induction 
heating by high-frequency electrical current  pro- 
duced the uniform grain size necessary for this 


tapering posed a special problem. 


Coreless 


final operation. 

The steel works delivered strips or plates to 
the arsenal, and disks were punched from them. 
The steel plant delivered material with fully nor- 
malized structure for artillery ammunition. Sphe- 
roidization had to be especially complete in the 
higher carbon grades for rifle ammunition (0.15 
to 0.20 carbon) which requires very smooth sur- 
faces, and the specifications were unusually strict 
as to thickness of the strip, the limits being plus 
or minus 0.05 mm. (0.002 in.). Specially inspected 
operations in the steel plant started with assembly 
of raw and their refining; hot rolled 
products were pickled, reduced by cold rolling to 


materials 


60 or 70% of their original thickness, and the 
strip then spheroidized by low-temperature 
anneal. The spheroidizing heat treatment is long 


and expensive; later, normalized strip was suc- 
cessfully used, but extreme care is necessary to 
retain the smooth surface of the cold rolled strip. 

Much attention was given to the troublesome 
sticking of steel cartridge cases in gun breeches. 
I was rather amazed to find that steel requires a 
tensile strength at least 14,000 psi. higher than 
brass if it is to be extracted readily after firing. 
Steel cartridges for small weapons (7.5 or 7.8-mm. 
caliber) required material in the wall near the 
cartridge base having a tensile strength of 85,000 
psi. Compare this with the strength of brass in a 
standard cartridge - 65,000 to 70,000) psi., *%s in. 
above the base. We finally determined that for 
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5 8/ Stress Relieved 
(Stickers) 
See Table / 
£ /ongation—~ 


Fig. 1 — Representative Load-Elongation Curves 
From Autographic Chevenard Micromachine of Steel 
in 37-Mm. Cartridge Cases; No. 1 and 2 From 
Cold Drawn Cases After Seven Firings at 37,000-Psi. 
Service Explosive Pressure; No. 5 and 6 From 
Unsatisfactory Cases After Stress Relief. See Table 1 
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artillery the required tensile strength of ste! ear. 
tridges is a function of the explosive pressire as 
measured by the standard crushing test. Thi 
relationship is indicated by the following 


tabulation: 
REQUIRED 
TENSILE STRENGTH OF 


EXPLOSIVE PRESSURE STEEL CARTRIDGE WALL. 


KG. PER Sg.CM. Psi. % In. ABOVE Base 
2600 36,000 85,000 psi. 
2800 40,000 92,500 
3500 50,000 100,000 
4000 57,000 107,000 


(The crushing test is more or less standard- 
ized for ballistic work. The pressure developed 
by the explosion of the powder in a small chamber 
is transmitted by a piston to a small copper cylin- 
der held in a fixture screwed into the chamber’s 
wall. 
duced in the copper cylinder is compared with the 
stress-strain curve of a similar copper cylinder in 
static compression, and the forces for equal 
deformation are considered equal. This test is noi 
supposed to measure effective pressures during the 
electronic 


The amount of plastic deformation so pro- 


explosion —- for which more elaborate 
equipment has been devised — but is an old test 
that gives comparative relationships fairly 


satisfactorily. ) 

We discovered in 
37-mm. submarine gun cartridges (marine model 
1902), made 0.06% carbon steel, that stress- 
relieving of the finished cartridges at 650 to 750° F. 
was ruinous. Proof firing of cartridges not stress- 
relieved gave very results; after 
relieving 90° were stickers. Stress-relieving only 
slightly lowered the tensile strength (perhaps 
7000 psi. on the average) but a sharp yield point 
reappeared on autographic tensile diagrams aller 
(Figure 1 represents the diagrams lor 


our early work with the 


of 


stress- 


good 


annealing. 
microtensile tests made on the Chevenard machine 
and Fig. 2 the test pieces used.) Table I, p. 67° 
illustrates these points. 

It might be mentioned in passing that the 
German cartridges which I have examined did nol 
have a very high tensile strength. For example, 
tests on the 105-mm. type gave from 85,000 te 
92,500 psi. (about 10,000 psi. lower than the range 
for 50-mm. ammunition in the 


quoted caliber 


Microtensile Test Specimens, Flat and Round 


Threaded Ends: 2 


Fig. 2 
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fig. 3- Load-Elongation Diagrams for Microtensile Specimens of Cartridge Brass and Aluminum Bronze Showing the 
“Spring Properties” (High Proportional Limit) Acquired by Cold Work. Principal properties of all four conditions are: 
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above-mentioned article Brass, annealed 21,000 48,000 47 sive pressures higher 
in Metal Progress). The Cold drawn 60,000 83,000 12 than 40,000 psi., and I 
Bronze, annealed — 17,000 12,000 40 





tests given in Table I for suggested as early as 






























: Cold drawn 71,000 103,000 15 

the cases Which withstood March 1940 that the 
successfully seven firings cases should be hardened 
at 36,000 psi. explosive pressure without mal- sufficiently to give 115 to 140 psi. tensile strength 
functioning are also at considerable variance with on cartridges made of soft steel containing 0.05 
the opinion reached by American experts (as to 0.12% carbon. Reports of this work, together 
quoted in the same article, wherein steel cases with with a set of cartridges and steel specimens, were 
a yield of 85,000 to 90,000 are said to cause a pro- forwarded to the British Scientific Liaison Officer 
hibitive number of “stickers”, whereas cases with in France; whether any of our allies made use ol 
vield strength of 115,000 psi. extracted easily). It this information I do not know. After liberation 
would appear that the practice of using unduly the Pompey Steel Works was granted a_ patent 

‘trong steel was successfully followed in the manu- (January 1945) for this strengthening process. 
lacture of 3-in. caliber steel cartridges by Norris I was led to propose this strengthening proc- 
Samping & Mfg. Co., of Los Angeles, as described ess by some general ideas to the effect that steel! 
in the January 1945 issue of Metal Progress by cartridges should behave like springs; a reversible 
Fred M. Arnold, although in his article the proper- deformation or recovery after explosion is abso- 
lies of the steel are graded by hardness impres- lutely necessary. Ordinary cartridge brass (70:30 
sions rather than by tensile tests. Cu:Zn) and aluminum bronze (90:10 Cu:Al) 
The high tensile properties of the Norris pro- behave like springs in the cold drawn state. Even 
duction are obtained by heat treatment; my expe- after firing, these cartridges become harder and are 
rience led to a similar conclusion as to the proper strengthened by as much as 7000 psi. or even 
method of getting the required strength for explo- more in the wall of a 25-mm. cartridge case, *, in 

above the base. 
This general prop- 
Table I— Representative Microtensile Tests From Steel Cases erty is exhibited in 
stress-strain curves olf 
Xn i aiiacaalin ELASTIC l LTIMATE ELONGA- these alloys when 
Limit STRENGTH r1ON :; 
7 aueeneenabaianecaanaadanmesaes 5 tested in the annealed 
Cases Not Stress-Relieved, After Seven Firings Psi. Psi. State and ‘after cold 
l ‘“S in. above base, transverse, exterior fiber 87.000 101.000 10.5% drawing about 30°, as 
. *s in, above base, longitudinal, interior fiber 79,600 92,500 10 is plainly shown in 
; *S in. ti longitudinal, exterior fiber 71,200 88,300 8.5 Fig. 3, above. 
‘s In. above base, transverse, ‘rior fiber 58,400 04,000 0 : 
Cases ae aaa is a a postin es | | , gehen — a 
, wr gt te agate ae soft steels in the 
: ‘ in. above base, longitudinal, exterior fiber 76,000 82.500 11 annealed or normal- 
- in. above base, longitudinal, exterior fiber 57.000 71.400 14 i a 

7 ''2 in. above base, longitudinal, exterior fiber 72,500 79,600 16 ized condition do not 
8 Neck 54,000 61,100 14 possess a similar large 
capacity for strength- 
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Stress, Psi 


Only the aus- 
-for example, 


ening after plastic deformation. 

tenilic alloys cold work materially 
the 18-8 stainless steels and the 25% 
alloys. Is is noteworthy that these alloys which 
are easily strengthened by plastic flow have body- 
On the other 


nickel-iron 


centered cubic crystalline lattices. 
hand, the ferritic and pearlitic steels have less 
closely packed atoms, the structure being face- 
centered cubic with lattice dimension of 3.86 A 
units, in contrast with 2.86 A units for the crystals 
in beta brass and gamma (austenitic) iron. 


ture could be drawn into cartridge cases without 
any special difficulty. (Flat bending is possibje 
with such quenched steel.) Near the base of the 
cartridge the tensile strength was very high- 

115,000 psi. in a region which had suffered 20 

reduction of area. 

If the steel after having been given the high 
(Ac,;) quench is tempered at about 1100°F. 
strengthening by cold rolling is not nearly so pro- 
nounced. Yield points of such steel after cor- 
responding cold reduction are about 14,000 psi, on 
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Fig. 4 — Result of Cold Work on a Killed Openhearth Steel (0.08% C, 0A3% Mn, 0.04% Si) of Nonaging 


Characteristics in Normalized, Low-Quenched, High-Quenched, and High-Quenched and Tempered Condition 


It therefore seemed to me to be logical to test 
the effect of plastic flow on quenched soft steels. 
Results were very good, as shown in Fig. 4. These 
diagrams show the effect of cold rolling a killed 
openhearth steel containing 0.08% carbon, 0.43% 
manganese, and 0.04% silicon. The steel was of a 
nonaging type, and its original condition was in 
hot rolled plates, 4 mm. thick, normalized. These 
plates were cold rolled various percentages up to 
60°, and microtensile specimens, 1.5 mm. in 
diameter (Fig. 2), were produced suitable for test- 
ing in the Chevenard machine. 

It will be observed that quenching at the Ac, 
point — that is, 1300 to 1380°F.-—is more efli- 
cient than quenching from the Ac, point (1560 to 
1650° F.). I found that disks made from this steel 
quenched from 1300° F. in water at room tempera- 


the average higher than if the steel were cold 
drawn in the normalized condition. 

The explanation of this relation between 
hardening by quenching and cold work is rathe! 
obscure. It would appear that several factors ate 
superimposed, but it seems reasonable to assum 
that a solid solution of carbon and other elements 
is retained in the alpha iron from the solid solu- 
tion existing in gamma iron just prior to quench- 
ing, and this alpha solid solution is decompose’ 
by the cold work. Micrographs of material 
quenched from 1380° F. (that is, between Ac, 20 
Ac;) show a two-phased structure — about hall 
ferrite and half pearlite in a 0.12% carbon steel 
We believe that the ferrite phase contains abou! 
0.03% carbon in solid solution and the fine ,eatlite 
represents the transformed austenite exis!ing # 
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the quenching temperature. It should analyze 
bout 0.21% carbon, on the basis of an equal par- 
tition of the quenched structure between ferrite 






and fine pearlite. 

Figure 5 shows this structure after cold rolling 
50°: the microstructure does not give any very 
elear reason for the enhanced hardening during 
cold working, but of course there may be sub- 
microscopic phenomena involved. 

lt remains to be explained why the German 
steel cartridges withstood high explosive pressures, 
as in anti-aircraft and anti-tank guns, yet had a 
fairly low yield strength. I believe that this is 
due to the method of protection against corrosion, 
which consisted of a thin layer of lacquer or other 
organic matter. The gases evolved when this 
coating was heated from the powder explosion 
effectually prevented sticking in the breech. This 
solution of the problem of stickers may not be 
best, for if the gun becomes fouled by decomposed 
carbonaceous matter, the cartridges will not eject 
properly. Another point to which the Germans 
doubtless paid attention was the design of the gun 






















a To ALLIs-CHALMERS to talk about metallurgy 
of gas turbine parts and found the staff deep 
in the problems of designing a locomotive power 
plant using powdered coal as fuel-——this in con- 
Junction with the Bituminous Coal Research, Inc. 
Allis-Chalmers has, probably, the longest American 
experience with gas turbines, having (since 1938) 
built 190,000 hp. of gas turbines for driving 
Houdry 
synthetic gasoline plants. These 
turbines operate at relatively low 
temperature (blades at about 
900° F.) and at correspondingly 
low thermal efficiency, a matter 
of no sreat moment when a surplus of byproduct 
84S is available. Also, metallurgical problems due 
'o heat are no worse than in a modern steam 








centrifugal air compressors in process 






Gas turbines 


for peaceful 


industry 
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Steel of Fig. 


4, Quenched From 
1290° F., Reduced 50% by Cold Rolling. 700 X 


Fig. 5 


chamber. For example, extraction of a cylindrical 
cartridge will always be very much more difficult 
than one which has a slight conical taper. This 
point was touched upon in Mr. Arnold's article 
printed in Metal Progress for January 1945. ~ ] 


By the Editor 


turbine, except perhaps in the flame tubes. At any 
rate, this long experience was available when 


designing and constructing the large experimental 
gas turbine now undergoing a long series of tests 
at the Naval Engineering Experiment Station in 
Annapolis. Designed for top temperature of 
1300° F. at the blades, this turbine has already run 
100° F. 
Principal problem in the loco- 


several 8-hr. trials with gas at without 
observable damage. 
motive design, other than space limitations, is the 
effect of fine ash from the powdered coal. The 
Bituminous Coal laboratory is making a special 
study of the relationship of such things as velocity, 
turbulence and angle of impingement to scour and 
corrosion by fly ash in the gas. Under certain 
circumstances ash particles adhere to the hot metal 
to form a self-renewing coating of viscous slag that 













acts as a protection for the underlying metal, thus 
giving, in effect, the ceramic sought by so many 


investigators. 


DersiGn, constructional and metallurgical prob- 
lems in these heavy and bulky engines of peace 
are obviously on a different order from those of 
aircraft turbojets, where weight, size, and thermal 
efliciency are paramount considerations. Since 
efliciency increases with working gas temperature, 

there is practically no end to 
Requirements the designer’s demands for rotor 
of disks and nozzle blades to operate at 
higher and higher temperature. 
These, being small, are easier to cast of special 
alloys than it is to make the larger disk itself. 
Consider this combination of required properties 
before you proceed to design a new alloy for 
turbine disks: Yield strength (0.2°7 offset) at 70° F. 
more than 80,000 psi., coupled 
with at least 10°) elongation, 
rupture strength more than 
40,000 psi. for 1000 hr. at 
1200° F., and with at least 
5° elongation at rupture. The 
alloy must be forgeable, 
machinable, weldable, and 
resistant to heat shock. It 
should require but small pro- 
portions of strategic and crit- 
ical metals like columbium. 
If it can be melted and cast 
commercially, without using 
vacuum equipment or unusu- 
ally inert atmospheres, it 
would be a mark in its favor. 


Biapes and buckets for 
turbojet aircraft engines are 
usually rather small affairs, 
weighing in ounces, and so the 
investment molding practice 
used by dental laboratories for precision casting 
of dentures has been successfully adapted to the 
unforgeable, unmachinable alloys high in cobalt. 
This is an old story, but the Allis-Chalmers’ pre- 

cision casting department contains 
Precision enough labor-saving equipment so 
castings it looks more like a_ production 
foundry than a dental laboratory 
1000 times multiplied. Since this 
is a production operation, Kenneth 


in mass 
production 


Geist, engineer in charge, is out for business and 
believes his castings can compete with many 
forgings of stainless steel because the forging dies 
are rapidly cut by abrasive scale. Small, intricate 
levers for sewing and business machines have been 


Courtesy General Electric Co. 





Test on a Turbojet 





cast in alloys suitable for nitriding; also smaj 


parts of 8620, later to be carburized. A field unde, 


active investigation is complicated shapers any 


milling cutters of tool alloys. So far the heaviey 
investment casting made by Allis-Chalmers weighs 
about 10 Ib. 


To RETURN to high-temperature alloys, a toug} 
metallurgical problem in gas turbines is the flam, 
tube of combustion chambers. Pure ductile moly}. 

denum sheet now that this js 
available from methods dey eloped 
in Climax Molybdenum Co's 
may satisfy the 


Catastrophic 
oxidation of 
molybdenum laboratories- 
requirements of  formability 
resistance lo warpage, and refractoriness up t 
1900 or 2000°F. Molybdenum melts at abou 
$750° F., but unfortunately it oxidizes readily ani 
the oxide is a volatile, voluminous while cloud 
that seems to attack surround- 
ing metal .... At a meeting 
of the Columbus Chapter 
national officers’ night, with 
the Editor attempting t 
pinch-hit for Bill Eisenman 
but failing to reach first bas 

was talking with © Presi- 
dent Foley, Howard Cross o! 
Battelle Memorial Institute 
and Mars Fontana of Ohi 
State University, and was told 
about a curious phenomenon 
called “catastrophic oxida- 
tion” by Foley. Many high- 
alloy steels, with molybdenum 
of at least 6°°, will revert t 
a pile of oxide overnight in 
stagnant furnace atmospher 
at 1300° F. or more, but b 
unaffected by moving gas 4 
the same temperature. For 
example, a flat bar on a rough 
hearth will start catastrophic oxidation from th 
bottom; if it is on a smooth bar of heat resistant 
material it is immune (very little oxygen reaches 
it): if it is blocked up on refractory it is immun 
also (gas circulation below). Apparently, a moving 
atmosphere carries away the small amount © 
molybdic oxide that forms at the steel’s surtact 
if it remains there it reacts with the other metal 
atoms in contact, transferring to them some exceed: 
ingly active atomic oxygen, and then turning right 
around and picking up some more from the sub 
rounding atmosphere. (Maybe that’s not too pr& 
cise a description of a catalytic effect.) Indication 
are that tungsten oxide may also cause this destruc 
tive effect. 
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i wintiscinc with R. J. Cowan on furnace 
devel: pments and got an interesting sidelight on 
Surface Combustion’s prewar development of an 
atmosphere generator using kerosene, and heard 
of an unexpected order for 40 of them by the 
Russian government long before Hitler’s invasion, 
and about the Russians he knew who were certainly 
long on the theory of heat treating. So got to 
theorizing ourselves and decided that 
much was yet to be learned about the 
iron-carbon-silicon system (I mean 
cast iron) — especially how to make 
the solidified metal cool down as a 
mixture of iron and nodular graphite instead of 
iron, carbide and plates of graphite (gray iron), or 
pearlite and cementite (white iron). If this item of 
“pure science” could be clarified, and if it turned 
out that a mixture could be properly melted, inocu- 
lated and then cast so it was supercooled before 
solidification, we could get true malleable iron (fer- 
rile plus spherulites of graphite) during cooling, 
direct from the mold. Such a scientific discovery 
would certainly revolutionize the American mal- 


Cast tron, 
malleable 


as cast 


leable industry. 


In AN all-too-brief inspection of the Rome 
works of Revere Copper & Brass, was shown the 
equipment just getting under way for a new, precise 
study of machinability of screw stock and other 
copper alloys. Marvelous in its precision and 
adorned with electronic equipment for supravisual 
observation and instantaneous recordings, it is 
indeed a far advance over the husky lathe with 
which Taylor and White did their epoch-making 
work with toolsteel. Their prob- 
lem, in reverse, is being tackled 
50 years later by Harry Schagrin 
and his men in the metallurgical 
and manufacturing department 
Then it was only necessary to start 
turning a big round of tough steel, cutting ,4; in. 
deep at jy in. feed and adjusting the speed until 
the tool was ruined in 1%4 hr. While this scheme 
of hogging off the metal was wholly competent to 
differentiate between ordinary carbon toolstee! 
With 15-ft.-per-min. speed, air hardening tools (30 
it. per min.), and best high speed heat treated 
properly (100 ft. per min.), it naturally would be 
entirely inadequate to distinguish between minor 
Variations when lightly cutting the machinable 
alloys. Consequently, at Revere’s Rome plant is 
installed a special Monarch lathe built to tolerances 
that are close even for a modern toolmaker, a 
lathe balanced dynamically without gearing in the 
headstock, and anchored to concrete reaching deep 
down to undisturbed foundation. This lathe is 
driven through a rubber coupling by a motor 


Machinability 
measured 


with precision 


of Revere. 


Which is also dynamically balanced and independ- 
Speed can be varied at will by 
stepless increments, and then held closely constant 
by a battery of electronic equipment that passes 
metallurgical understanding. At present it is 
thought that machinability can be related to varia- 
tions in tool-tip pressure (for standardized tool 


ently anchored. 


shape and size of chip). Pressure is measured by 
a compression capsule in the tool post, variations 
are recorded automatically in figures, tremulous 
fluctuations shown on an oscilloscope sereen and 
photographed on movie film which notches forward 
a little in synchronization with the travel of the 
scanning spot of light. A print from it looks like 
lamellar pearlite, a trifle nervous. 


Visirrine with C. U. Scott in Rock Island, a real 
veleran in commercial heat treating, and talked 
long with him about his “secret” process of surface 
hardening stainless. Secrecy still exists in many 
commercial operations, and not alone in the shop. 
In this connection my mind turned back a full year 
to a pleasant luncheon in San Francisco's Press 
Club with Kenneth V. King, the energetic materials 

engineer on Standard Oil Co. of 

Danger in Calif.’s management, who has been 
so active in the regional affairs of 
the American Welding Society. The 
burden of our conversation (other than the salubrity 
of the region and the friendliness of its inhabitants 
topics on which there was perfect accord) was 
the correct adjustment between the natural urge of 
research workers to inform their professional 
brethren about their discoveries — that is, to pub- 
lish —- and the equally natural desire of a business 


secrecy 


management to retain essential information until 
its value has been capitalized. Since industrial 
research is almost exclusively in applied science 
rather than in fundamental science, something can 
be said for the businessman’s point of view, 
although it must not extend to the place where 
the research department is surrounded by a semi- 
permeable membrane which filters information 
inward but none outward — if for no other reason 
than that good and desirable researchers will leave 
such a place as soon as a decent post is found 
elsewhere. 

Those few executives who hold the mem- 
brane idea should read and reread the remarks 
by Albert W. Hull before a recent conference on 
physical science and human values at Princeton 
University. The assistant director of General 
Electric’s Research Laboratories said: “In the 30 
vears I have been with General Electric, I haven't 
known of a single case where we have lost by 


publication — or even by telling, in its preliminary 
stages, what we were doing.” =] 
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The third of a four-installment article on “The Eight Forms 
of Corrosion”, wherein the entire field of metallic corrosion is 
Dezincification was one of the earliest 
forms of selective attack that was intently studied and understood. 


broadly considered. 





Dezinelification 


and Erosion-Corrosion 





IN THE February and March issues of Metal 

Progress were printed two articles consider- 
ing some of the various forms in which corrosive 
attack on metal manifests itself. The matter now 
to follow is part of the complete article (intended 
eventually as an introductory chapter in the new 
edition of “The Book of Stainless Steels’’). 

At the outset eight forms of corrosion were 

listed: 

1. Uniform attack or general corrosion 

2. Intergranular corrosion 

3. Pitting 

4. Galvanic or two-metal corrosion 

5. Concentration cell corrosion 

6. Dezincification 
7. Erosion-corrosion 

8. Stress-corrosion 
The first five of the items have been discussed in 
the previous issues. We will now proceed to say 
a few words about dezincification and _ erosion- 
corrosion. 


Dezincification 


Dezincification, as the term implies, was 
first observed on brasses, which are copper-zinc 
alloys. The zine is selectively leached out of the 
brass to leave a weak porous mass of copper. 
Dezincification can be readily observed, since the 
attacked areas show the red color of copper as 
compared to the distinctive yellow of brass. 

The mechanism of dezincification is_ still 
somewhat controversial, but one commonly 
accepted envisages the complete solution of the 
alloy; the zine stays in solution, but the copper 
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plates back onto the metal. There are two general 
types of dezincification, and both are readily ree- 
ognizable. The more common type is uniform: 
dezincification proceeds at substantially the same 
rate over the entire exposed area. The second is 
the so-called plug-type dezincification which occurs 
in localized areas. 

Figure 1 shows a section of brass pipe after 
service in handling water. The dark inner portion 
of the pipe is dezincified alloy. The outer por- 
tion is the unaffected yellow brass. Dezincification 
has progressed uniformly through half the wall 
thickness. 

Figure 2 is an excellent example of plug-type 
dezincification. The dark areas are the dezincified 
metal with the remaining portions of the pipe 
unaffected. A cross section of one of the plugs s 
shown in Fig. 3. Attack was from the inside sur- 
face of the tubing in an aftercooler in a _ plan! 
powerhouse. This heat exchanger carried wate! 
inside the tubes, with flue gases at 350° F. outsid: 
the tubes. These tubes were made from muni 
metal, which is a high-zine brass, so susceptible 
this type of attack that it has been largely sup 
planted by other copper-zinc alloys. 

In general, the dimensions of the brass parts 
do not change appreciably during dezincification: 





By Mars G. Fontana 


Professor of Metallurgical Engineering 
Director, Corrosion Research Laboratory 
Ohio State | Iniversity 






































this may account for the unexpected failures. In 
one instance a perforated brass plate in a tower 
handling a warm mixture of water and acetone 
appeared unattacked after several years of service, 
excep! for the coppery color on the surface. Exam- 
ination showed that the plate was almost com- 
pletely dezincified, and it cracked completely after 
slight bending. Brass is a 
very ductile material. In 
another heat exchanger, 
handling boiler feed water, 
many tubes failed because 
of plug-type dezincification 
in only a few areas on each 
of them. 

The uniform or layer 
type of dezincification occurs 
most frequently in the high 
brasses (high-zine content), 
and the plug-type seems to 
favor the low brasses (lower 
zinc content). More aggres- 
sive corrosion conditions — 
for example, higher temper- 
atures — also favor the plug 
type of attack, which is 
related to pitting in that 
localized attack is involved. 
Dezincification sometimes 
occurs under supposedly mild conditions of cor- 
rosion, but favorable conditions for this type of 
attack involve a good electrolyte such as sea water, 





slightly acid conditions, or the presence of appre- 
ciable amounts of oxygen in the liquid handled. 

The addition of tin, antimony, arsenic, and 
phosphorus to brass aids in resistance to dezincifi- 
cation. Admiralty metal, for example, contains 
“‘pproximately 1% tin, 29% zine, and 70% copper. 
Such alloys, plus definite inhibitors, are often used 
'o replace straight brass where service is accom- 
panied by mild dezincification. For more severe 





Fig. 1 — Uniform Dezincification Proceeding 


Half Way Through a Brass Water Pipe 


Fig. 2— Plug-Type Dezincification of Muntz Metal Pipe in 
an Aftercooler (Boiler Water Inside, Hot Flue Gas Outside) 


Fig. 3 — Cross Section (Magnified) 
Through One of the “ Plugs” in Fig. 2 
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conditions, red brass (15° zine) is often used 
because this alloy is practically immune. For 
very severe conditions it is often economical to use 
the binary copper-nickel alloys. 

The phenomenon of selective leaching of one 
of the elements of an alloy is by no means confined 
to the brasses. For example, a hard facing alloy 
of cobalt, chromium and 
tungsten known as Stellite 
No. 1 became soft after 
several weeks of handling 
a waste sulphuric acid 
slurry containing solid fer- 
rous sulphate. Chemical 
analysis of the soft mate- 
rial and the hard, unaf- 
fected alloy showed that 
cobalt had been selectively 
removed, leaving a weak 
porous structure. 


ae ee 


Erosion-Corrosion 


Erosion-corrosion often 
causes unexpected and 
rapid deterioration of plant 
process equipment. The 
rate of corrosion can be 
greatly accelerated when 
mechanical or abrasive conditions are present, 
such as liquids moving at substantial velocities, 
presence of solids in suspension (that is, slurries), 
marked turbulence, and impingement of fluid 
streams. 
subject to erosion-corrosion are pumps, valves, 


Examples of equipment that may be 





centrifugals, measuring devices (such as an ori- 
fice), agitators, pipe lines, particularly at elbows 
and tees, and heat exchanger tubes. The corrosion 
effect known as “cavitation” is one type of erosion- 
corrosion. 

Most metals and alloys depend upon the auto- 
matic development of a thin protective surface for 
their resistance to corrosion. This may consist of 
an oxide film, a corrosion product (such as lead 
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sulphate which forins op 
lead in sulphurie a 
an adsorbed film of gas, | 










protective surfaces ar ” 
removed locally by abrasion 
and fresh metal exposed, the 
material deteriorates mor 
rapidly than under the sole 
effects of corrosion. sie 
An excellent example of : 
erosion-corrosion involves th 
hard lead valves in_ hot. - 
dilute sulphuric acid. Cou- WU 
pon tests made of hard lead 2 
immersed in this acid ha 
showed practically no cor- wu 
rosion, but throttled valves “a 
failed in less than one week ; 
In this same _ service, lead im 
lines with slight bends in = 
them were cut through in a om 
few months. = 
th 
Fig. 4 — Erosion-Corrosion Test Equip- Fi 
ment Mounted on Cylindrical Tank Hold- ol 
ing Liquid or Slurry to Be Handled. Cir- ho 
culating pump and motor on floor at left VI 
ides tes 
eq 
a * _ ; an 
¥ . pe Th 
° ; ’ zo ha 
’ in 
3600 , — liq 
q the 
; me 
3000 the 
No Copper 
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180 —" ' - , ; é . 
ad Fig. 5 — Exploded View of Nonmetallic Housing for Erosion- 
Corrosion Test. In housing at right is the disk specimen. Rotat- 
Copper Added : ing disk and stationary wear plate (on assembly) are separated 


-O025% | by small clearance through which liquid is forced at high velocity 
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600 r oie | Unfortunately, the usual and common static corrosion; tes 
\™ does not include such effects of erosion as high velocity. As‘ 
» f ; . _ a ‘ 
\ I\ Tet | result, equipment often fails within a short time, although tI! 
0 |} ~ 4 static corrosion tests indicate very long life. For example. stat! 
/00 10 120 130 /40 = lade ~opellers 
i y on tests, and even tests wherein the specimens were the proj 
mM, Te, F © Oc 
— on a high-speed mixer, showed practically no attack on | SSM 
Fig. 6 — Inhibiting Effect of Copper in a stainless steel in a slurry consisting of waste sulphuric acid) an 
F i a | it 0 


Sulphuric Acid Slurry on the Erosion- ferrous sulphate. However, the solid bowl centrifuges, 


Corrosion of 18-8 S Mo Stainless Steel rated 


the same alloy to separate the solids from the acid, det 
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ial service at a rate of approximately 5000 
mils 5 in.) per year. This experience clearly 
strates the need for test equipment that 
tes actual operating conditions. 


dem 


simu 
Special Testing Equipment 


this problem was solved through the use of 
erosion-corrosion test equipment, somewhat simi- 
ar to that shown in Fig. 4 and 5. The results of 
this study (Fig. 6) indicate that no corrosion 
vecurred in the static test, even when the tempera- 
The rate of deteriora- 


ture was raised to 140° F. 
tion under conditions of erosion-corrosion, 
however, is great and of the same order of magni- 
tude as the rate of attack on the actual centrifu- 
zals. The erosion-corrosion test unit thus provided 
a tool for studying the problem. Figure 6 shows 
the beneficial effect of adding a slight amount of 
copper to the acid slurry. Maintenance on the 
centrifugals was reduced to a 
normal amount as a result of 
this study. 

The equipment shown in 
Fig. 4 consists of a 30-gal. 
glass-lined tank, neoprene 
hoses, a “Chlorimet 3” pump, 
a nonmetallic housing for the 
test specimen, and auxiliary 
equipment such as_ heaters 
and temperature controls. 
The pump shown on the floor 
in Fig. 4 recirculates the 
liquid or slurry contained in 
the cylindrical tank. The only 
metallic parts in contact with 
the solution are the pump 





‘ig. 9 — Remains of Stainless Steel Pump 
mpeller, Ruined by Erosion-Corrosion 
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Fig. 7 Comparison of Erosion-Corrosion Tests of 


S.A.b. 1020 and in Mild Swirling Exposure to Potable 
Water at 122° F. 1/16-in. clearance, disk to wear plate 


hig. 8 — Impingement Attack on El- 
bow in Steam Condensate Return Line 


and the test specimens. Figure 5 
is an exploded view of the hous- 
ing, the 4-in. test specimen disk, 
and the wear plate. The disk 
rotates at 1750 r.p.m. <A = small 
and adjustable clearance exists 
between the disk and wear plate. 
rhe liquid is foreed past the 
surface of the disk by the cir- 
culating pump and thus obtains 
the required velocity effect. The 
duration of a test is usually over- 
night or about 16 hr. 

Figure 7 shows data of other 
erosion-corrosion tests on S.A.E. 
1020 steel in water at 122°F. There is a large 
difference between the erosion-corrosion data and 
the data obtained on specimens (solution tests) 
hung in the glass-lined tank, subject only to a 
mild swirling motion. 

Figure 8 shows what is left of an elbow removed 
from a steam condensate return line. The vertical 
straight run of pipe just ahead of this elbow 
showed very little attack, but the elbow failed 
where the liquid was forced to change direction 
and impingement effects were present. 

Finally, Fig. 9 graphically shows the destruc- 
tive effect of erosion-corrosion on a_high-alloy 
stainless pump impeller after a relatively few weeks 
in service. It is obvious that sound engineering 
must pay attention to velocity of corroding 
medium as well as its nature. r ] 
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Correspondence 


Replacing Tungsten With Aluminum 
in High Speed Steels 


LEOBEN, STEIERMARK, AUSTRIA 
To the Readers of METAL ProGreEss: 


Continual development over the years to 
reduce the tungsten content in the conventional 
18-4-1 high speed steel — 18% tungsten, 4% chro- 
mium and 1% vanadium — has led to the adop- 
tion or increase of molybdenum, cobalt, chromium 
or vanadium. Such steels have a hypereutectoid 
structure in the fully hardened state, in which 
‘arbides are embedded in a martensite matrix. 
Both of these constituents in high speed 
steels have and retain higher hardness 
at high temperature than their counter- 


ise as an alloying element in high speed steels. 

In the course of a general metallographic 
study of high speed steels it was found that if 
more than 1.6 to 1.8% vanadium were present, 
vanadium carbide (VC) existed as a_ separate 
phase over and above the normal complex 
(ledeburite) carbide, (Cr,Mo,M,V),,C,, and that 
this critical vanadium percentage was relatively 
unaffected by wide changes in other alloy content 
Furthermore, it was discovered that aluminum 
did not form carbides or enter into solution with 
the complex carbides normally present in such 
steels, but remained in the matrix. 

While aluminum appears to effect little 


Table I— Cutting Ability of Substitute High Speed Steels 





parts in plain carbon steel. 
In our pursuit of this problem of 


le . ; 
|STee A/STeex B | Steet C Street D | Steer. E 
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saving tungsten in Austria (where we 
have no native tungsten ores) we have 
adopted a working hypothesis to guide 
our research. We assume that alloy 
carbides are formed more slowly than 
iron carbide, hindering alloy depletion 
and consequent softening of the matrix 
and that, in this, the action of tungsten 
(or molybdenum) is twofold: More 
atomic species are necessary for the 
alloy carbides, and the relatively large 
tungsten and molybdenum atoms create 
diffusion-impeding distortions in the 
matrix lattice. (The atomic radii of 
W, Mo and Fe are 1.41, 1.40 and 1.27 A, 
respectively.) 


Tungsten 


Test log A 
At 12 m. 
At 13 m. 
At 14 m. 

Test log B 
At 18 m. 
At 19 m. 
At 20 m. 





Composition * 


Aluminum None 0.50 None 


2.50 | 1.30 


None None 1.30 
None | 0.50 


Minimum Tool Life in Minutes | 
per min. | 22 48 43 
per min.| 17 26 25 
per min. 13 15 15 


per min. | 39 
per min. | 11 20 
per min. | 6 12 


42 
23 


| 
| 














*Other elements (approximate) : 0.90% C, 0.40% Si, 0.40% Ma, 
3.0% Mo, 4.0% Cr, 2.5% V. 


It was felt that the latter action 


could be duplicated by other large atoms, even 
though the species did not form carbides. It was 
realized that if such elements were used, a mini- 
mum amount of carbide-forming element must be 
retained. 

In the light of this hypothesis, it was felt that 
aluminum (atomic radius, 1.4 A) held some prom- 


change in high-alloy steels such as 18-4-1 high 
speed, it does increase the resistance to softening 
at high operating temperatures in low-alloy steels 
We explain this difference (in line with our work- 
ing hypothesis) by saying that sufficient tungsten 
aloms are present in the matrix of high-alloy 
steels to impede diffusion through and subs: ven" 
softening of the matrix, whereas in low-alloy teels, 
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little tungsten is present exists in the car- 


whi 
bides produced during tempering, allowing the 


aluminum which remains in the matrix to operate 
\iffusion-impeding element. 

interest, therefore, centers upon the low-alloy 
steels where aluminum is capable of effecting 


as a 


some improvement in quality. For these steels 
(specifically steels of the basic composition 4% Cr, 
95 to 3.0% each of W, Mo, and V were studied), 
it was found that (a) the carbon should be greater 
than 0.85% (to insure the presence of the hard 
VC) but not greater than 1.1% (since for these 
carbon contents the complex carbides melted at 
the necessary quenching temperatures, 2245 to 
2280°F., and large amounts of relatively soft 
austenite were produced); (b) the silicon should 
not exceed 0.5% (otherwise abnormal grain 
growth occurred); and (c) the aluminum should 
run at least 0.4%, to obtain maximum improve- 
ment in cutting properties, but not over 0.6%, to 
prevent abnormal grain growth and consequent 
embrittlement of the steel. 

These steels with 0.4 to 0.6% aluminum 
require the same quenching temperatures (2245 
to 2280° F.) as their aluminum-free counterparts. 
The tempering differs in that the aluminum- 
bearing steels should be tempered twice at 1040° F. 
for 30 min. to obtain full hardness. 

Comparative lathe tests on five of these steels 
were run at four independent shops. In Table I 
it is seen that a W-free Cr-Mo-V steel (Steel A) 
gives poor performance; that the same steel with 
0.9% Al (Steel B) gives an improved performance, 
about equal to the same steel with 1.39% W (Steel 
C) but not as much as the same steel with 2.55% W 
(Steel D) or with 1.3% W plus 0.5% Al (Steel E). 

On the basis of these tests, Steels B and D 
were released to the trade. Experience now shows 
them to equal Cr-Mo-V steel with 2.5% W on lathe 
work and to have perform- 
ance comparable to 10% 
W steel for drills. 

As with al! low-alloy 
high speed steels, the best 
culting performance is 
obtained only with optimum 
heat treatment. Comparison 
of time-speed curves of tools 
hardened from 2300° F. and 
from 2245° F. showed a 50% 
reduction in performance 
When quenched from the 
higher temperature. 

ROLAND MITSCHE 

EMMA M. ONITSCH 

Metallurgical Dept. 
‘ontanistische Hochschule 
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Magnetic Particle Inspection of Silver- 
Plated or Phenolic Resin Coated Steel 


East Hantrorp, Conn. 
To the Readers of MeTaL PROGRESS: 

The article “Magnetic Particle Inspection of 
Chromium Plated Tools” by M. H. Mueller and 
W. E. Yeast in the March issue of Metal Progress 
was of particular interest because of similar 
experiences at Pratt & Whitney Aircraft in the 
magnetic particle inspection of silver-plated and 
phenolic resin coated parts. 

The photographs below show transfers of 
magnetic particle indications, using continuous 
and residual methods and with varying thick- 
nesses of silver plate over the defective areas in 
the steel parts. These pictures show that our 
findings duplicate those reported in the article, 
in that 0.0015-in. plate thickness is the maximum 
at which all discontinuities will be indicated using 
the wet continuous method, and 0.001-in. thick- 
ness the maximum using the wet residual method. 

Phenolic resin coatings have presented an 
additional problem. The coating, which does not 
exceed 0.001 in. in thickness, acts the same as 
plating in reducing the effective magnetic flux at 
a point of leakage, but the smoothness of the coat- 
ing also causes the indicating medium to form an 
unstable pattern which will deform and perhaps 
slide off entirely, even though carefully handled. 


Scotch Tape Transfers of Magnetic Particle Indications 
at Varying Plate Thicknesses. 1800 amp. rectified a.c. 
for circular magnetization; and 9000 amp.-turn (4-in. 
diameter opening) solenoid for longitudinal magnetiza- 
tion. Particle suspension 1.5 oz. per gal. in varsol. 
Line across lower right-hand transfer locates microspeci- 
men showing cracks after grinding 0.003 to 0.013 in, 


Continuous Method 
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This has made it necessary to inspect new parts 
before this coating is applied. In service the sur- 
face of the resin film becomes slightly roughened, 
and no trouble is experienced when inspecting 
used parts, as far as pattern stability is concerned, 
or in obtaining good indications of defects in the 
steel underneath the coating. 

The many fractured tools found by Mueller 
and Yeast are also a familiar problem to us. In our 
experience, it is always due to residual stresses in 
the part caused by improper heat treatment or 
abusive grinding. These residual stresses are 
released in plating, either by hydrogen embrittle- 
ment, or simply through a lapse of time and spon- 
taneous fracture. In either event, tempering or 
double tempering is helpful in reducing the sus- 
ceptibility to fracture. A common practice is to 
temper after grinding but before plating to reduce 
any residual stresses, and again after plating to 
remove hydrogen. 

Magnetic particle inspection, however, will 
only show actual cracks. Abusive grinding may 
produce surface stress conditions which will give 
rise to cracking when parts are plated. L. P. 
Tarasov, in his paper “Detection, Causes and 
Prevention of Injury in Ground Surfaces” (Trans- 
actions @, V. 36, 1946, p. 389) has described 
techniques of etching which have been very useful 
in revealing the degree of damage caused by grind- 
ing, and thus to study and improve grinding pro- 
By such means, 


, 


cedures to avoid such damage. 
areas liable to crack during, or as result of, plating 
may be revealed and corrective steps taken. 


V. H. McBripe 


Materials Control Laboratory 
Pratt & Whitney Aircraft Division 
United Aircraft Corp. 





Fig. 1 — Cold Drawn 25-20 Tube 
After 3000 Hr. at 930° F. Above bides Reveal 
at 100X, other two at 1500 
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Fig. 2— Twinned Crystals; Car- 
Changed Crystallo- 
graphic Directions, Twin to Twin 


Carbide Precipitation in 25-2() 


CHARLESTON, WEST Vinwiniy 
To the Readers of METAL ProGREss: 


The accompanying photomicrographs were 


taken of a section from a Type 310 (25-20 Cr-Nj 
stainless steel tube which had been in service 4| 
500° C. (930° F.) for approximately 3000 hr. The 
tube was supplied in the cold drawn and annealed 
state and was given no heat treatment prior to 
installation. The specimen was cut from the top 
of the tube, which had been under no stress during 
service. It was etched electrolytically in 10 
oxalic acid to reveal the carbides. 

In this specimen carbide precipitation has 
occurred along crystallographic directions within 
the grains as well as at grain boundaries. The 
change in crystallographic direction at the twin 
boundaries is clearly shown at lower right in 
Fig. 2. Individual carbide particles have grown 
along a particular crystallographic direction in the 
area shown in Fig. 3. The heavy carbide precipi- 
tation at grain boundaries is shown in both. 

A specimen from this tube was exposed 50 hi 
to a boiling H.SO,-CuSO, solution and examined 
metallographically to determine whether it was 
susceptible to intergranular attack. No grain 
boundary penetration was observed and the speci- 
men withstood a full 180° bend without failur 
Apparently, the long period of operation at high 
temperature had allowed sufficient diffusion | 
replenish the chromium which had combined with 
carbon at the grain boundaries. The specimen was 
thus immune to intergranular corrosion. 

Davip A. VERMILYEA 
Metallurgist 
E. I. du Pont de Nemours & Co. 


Fig. 3— Platelets of C bide 
Nucleated Along Crystallo iphic 
Planes in Adjoining © stals 
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British Experimental Blast Furnace 


LONDON, ENGLAND 
the Readers of METAL PROGRESS: 

A model experimental blast furnace, fully 
instrumented, and one eighth the size of a normal 
furnace, has been built at the Stoke, England, works 
of the Shelton Iron, Steel & Coal Co., Ltd., and is 
now in operation. It is approximately 14 ft. in 
height, standing on a base 21% ft. high for con- 
venience of operation. The internal diameter 
varies between 2 ft. 2 in. and 2 ft. 744 in. The fur- 
nace was designed by members of Imperial College, 
London, under the auspices of the British Iron and 
Steel Research Association and built by the Shelton 
Co., using routine refractories and a carbon hearth. 

Experimental devices incorporated in the design 
include (a) nine thermocouples built in the brick- 
work — four in the base, two near the hearth, one 
in the bosh and two in the stack; (b) five sampling 
holes, 112 in. dia., in either side of the stack, and 

c) a bosh plate which can be water-cooled if nec- 
essary. The water-cooled tuyeres are of steel. 

While the furnace is operated along production 
lines, it is essentially a piece of experimental appa- 
ratus and the primary object is research. The 
measurement of input and output materials with 
alteration in general variables, therefore, can be 
carried out as desired. 

A view of the furnace is shown on this page. 
The tap hole and pig beds are in the foreground. 
The dimensions of the installation may be judged 
from the operator looking through the tuyere sight- 
ing glass, and the 3-ft. rule standing on the bustle 
pipe and resting against the stack. The platforms 
on both sides of the furnace immediately above 
blast-pipe level aid when taking gas samples. 

The program of research includes the following: 

1. The effect of distribution upon the function- 
ing of the furnace is being determined, with special 
reference to fuel economy. This involves varying 
the quantities of charge and order of charging when 
using either the standard hopper or a new design 
under development. Small models, scaled to one 
sixtieth of the size of a normal furnace, indicated 
the procedure to adopt. The control of stock 
segregation in the shaft will also be studied. 

2. Reactions at various levels in the furnace 
are being investigated to determine, by correlation 
with laboratory work, whether a modified temper- 
ature gradient is desirable, and the simplest means 
of exercising such control. For this purpose, the 
Sample holes in the stack are utilized to take gas 
‘amples and temperatures simultaneously at vari- 
‘Us positions across and up and down the furnace. 
The gas is then immediately analyzed in an adjacent 
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laboratory to determine the percentages of CO,, 
CO, H, and, if desired, unsaturated hydrocarbons 
present in the various positions in the stack. These 
gas analyses will indicate how much material has 
been reduced at each temperature zone, and it is 
hoped to assess radiation and cooling losses accu 
rately enough for heat balances to be calculated 

3. The relative reducibility of home and for 
cign ores under smelting conditions, and the influ 
ence of ore grading will be determined. The 
optimum conditions for sinter utilization will be 
examined and the influence of coke quality on 
operation and fuel economy studied, 

1. The effect of oxygen in the blast is to be 
examined. Preliminary study indicates that the 
main advantages of oxygen will be found in the 
smelting of ferromanganese and high-silicon irons 

». Another field for investigation is the control 
of temperature gradients in the furnace al maxi- 
mum driving rates, to reduce the depth of the 
plastic zone of partial fusion, thus facilitating gas 
flow and minimizing channeling. 

The furnace has already had a_ preliminary 
trial run of four weeks’ duration, during which 
period encouraging results were obtained, and it 
was indicated that it was capable of giving results 
which could be correlated with large-scale practice 

Tom Bisnop 
Metallurgical Editor 
& Coal teview 
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The 19438 


Open Hearth Conference 





On PAGE 745 of the 20th edition of “Useful 

Information for Business Men, Mechanics 
and Engineers” one may learn that oxygen boils at 
—183.00° C. and that sulphur condenses at 444.6° 

One of the most effective means of remem- 
bering new information is to relate it to what is 
already known. Much of the program of the 35th 
Conference of the National Open Hearth Steel 
Committee of the A.LM.E., held in Pittsburgh, 
April 12 to 14, can be related to the simple state- 
ment of fact in the first paragraph. 

Oxygen and sulphur have many points in 
common. Both are used in the determination of 
standard temperatures for calibration of thermo- 
couples; both play a dual role of hero and villain 
in the efficient production of high quality steel; 
both occupied a prominent position on the program 
at the conference. 


Sulphur in Steel 


Cyril S. Smith has recently revived interest in 
the old discussion of the relative importance of 
composition and structure. One key to this prob- 
lem lies in Longfellow’s appraisal, “as the bow is 
to the bowstring useless each without the 
other”. There was a time, not long ago, when 
composition was in the ascendancy. The chemist 
knew whether or not the sulphur specification was 
met because he had determined the sulphur content 
and found it correct. Some old-timers who insisted 
that added sulphur (or copper) was different from 
a high residual content were either mildly tolerated 
or openly regarded as more than a little super- 
stitious. 

A paper by L. R. Silliman, on “Effect of Various 
Resulphurizing Agents on Surface Quality”, led 


to several interesting conclusions: (a) Sulphur may 
be beneficial; (b) structure is of considerable 
importance; (c) good practice is that which results 
in making good steel; (d) good steel cannot be 
defined except by reference to intended use. 

The form of the sulphur is important in deter- 
mining its influence. There is general agreement 
that in some types of steel low sulphur is desirable 
There is much less agreement on what is meant by 
low sulphur. A shop starting with cupola iron 
containing 0.200° S treats the metal with soda so 
that the iron charged into the openhearth contains 
about 0.100% S. Sometimes the elimination may 
not be this good—from 0.170 to 0.120%. This 
shop considers 0.040 or 0.050% in the ingots as low 
sulphur. It has done an excellent job of sulphur 
elimination. A mill that starts with 0.030° S, or less, 
in the iron would consider 0.040% final sulphur to 
be high. More has been added from the scrap and 
fuel than has been eliminated by treatment. Both 
are making quality steel. Apparently total sulphur 
is an indication of quality for any given conditions 
of raw material and practice. The fact that a heat 
has the lowest sulphur content of any made by 4 
given practice may be a better indication of quality 
than the exact figure of 0.015 or 0.030 or 0.040% S 
Each of these values may be high or low depending 
upon the standard of reference. 

Charles W. Briggs read the results of a com- 
prehensive study of sulphur and cited the following 
effects: 





Reported by Frank G. Norris 
Statistical Metallurgist 
Wheeling Steel Corp. 
Steubenville. Ohio 
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|. Sulphur is an active inclusion-former— the 
higher the sulphur the greater the number of 
inclusions. 

» The chain-type inclusion produces low duc- 
tility in cast steel, especially as the sulphur content 
increases above 0.025%. 

3. Improper inclusions of the sulphide type 
make a steel more susceptible to hot tearing. 

{. Sulphur decreases the strength and ductility 
of east steel at temperatures between 2200 and 
9550’ F. and increases susceptibility to hot tearing. 

5. Increasing sulphur lowers the notched-bar 
impact value. Type II inclusions produce the 
seatest effect. 

6. Increasing sulphur content increases resist- 
ance to grain growth, both with and without 
aluminum additions. 

Most of these effects are related to inclusions 
or grain size and must be regarded as the effect of 
structure rather than strictly the effect of com- 
position as such. This distinction offers the pos- 
sibility of two methods of attack. One is to dodge 
the problem by maintaining sulphur at such a low 
level that it can be tolerated. The other approach 
is to accept the presence of sulphur as unavoidable 
with given price level, raw materials and fuel) 
and to seek methods for a positive control of its 
influence on structure. 

Among the slag and bath conditions that favor 
low sulphur are: 

1. High basicity 

2 Low FeO (or high CaO FeO ratio) 

3. High residual manganese 

4. Fluid slag, and good action. (High temper- 
ature favors both.) 

». High slag volume 

6. Low sulphur input, including all materials 
and fuels. 


MeKune Award 


This year Leo R. Silliman, openhearth metal- 
lurgist of the Republic Steel Corp., Buffalo, received 
the McKune Award (established in 1940 in memory 
of Frank B. MeKune, a charter member of the Open 
Hearth Committee) for his paper, “The Effect of 
Open Hearth Practice on Yields and Surface of 
Rimmed and Semikilled Steel”. A systematic anal- 
ysis of variables was made. Those having no 
influence were discarded from further study. 
Important factors were studied singly and in com- 
bination. Considering yield of semikilled grades, 
the most favorable combination of factors is crown 
tops, no bleeders, and no washing in the pits. 
Pouring temperature, mold coating and ingot deliv- 
‘ry tine are important factors related to surface. 








Production at Aliquippa 


On the first day, the Jones and Laughlin 
Steel Corp. went all out to demonstrate its pride 
in some of the most efficient steel-making and 
steel-finishing facilities in the world by inviting 
the conference to an all-day plant inspection. 
The annual capacity of its Aliquippa works is 1.80 
million tons of pig iron and 1.76 million tons of 
steel, and the five openhearth furnaces have 
established a monthly record of 115,569 net tons, 
Incidentally, this is no mean figure even for a 
shop of twice the size. The practice of the 
Aliquippa works is an object lesson in the extreme 
versatility of the basic openhearth process. Pig 
iron capacity greater than the ingot capacity indi- 
cates the small amount of scrap consumed, The 
skillful combination of pig iron and blown metal 
takes advantage of the large amounts of iron 
available. Another interesting statistic is that the 
A visitor to this 
plant leaves with the impression that he has 


Aliquippa works has 480 acres. 


covered most of these acres! 

The combination of time and area is not new 
in expressing openhearth capacity. Tons per hour 
per square foot of hearth area is sometimes used. 
Tons per year per acre of plant area is a figure 
that expresses degree of congestion. Aliquippa has 
3675 tons per year per acre. 


The Lighter Side 


Any discussion will be fuzzy unless there is 
general agreement on the definition of terms. A 
formal recognition of the importance of definitions 
was given in the paper by H. M. Kraner regarding 
the A.LS.I. unit roof. 
the question, “When is a roof not a roof?” One is 
“When it falls in.” The other — “When the patches 
are bigger than the roof.” An openhearth furnace 
is like the Irishman’s shanty because the roof never 
needs fixing until it falls in and then it is too late. 
The scheduled rebuild is just a systematic way of 
fixing the roof in dry weather. 

The latest inside information can now be 
released regarding a new type of radio contest to 
be sponsored by the General Nuisance Refractory 
Co. Each week Gen. Nuisance, in ‘person, will 
select a name at random from the 1947 directory 
of the Open Hearth Conference. The individual 
selected will be called by phone and asked the 
question, “How many of our nonleak stopperheads 
do you now have in your plant?” One ton of gen- 
uine prewar No. 1 heavy melting scrap will be flown 
into the plant by a B-29 bomber for each stopper- 
head in the contestant’s possession. 


There are two answers to 
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When that inimitable master of wit and wis- 
dom, H. L. Tear, takes the floor there is never a 


Ty 


dull moment. His discussion of “Evaluation ot 
Factors Affecting Tons Per Melting Hour in Present- 
Day Operations” established a new high for punch 
lines per page. The Tear test for heavy melting 
scrap- “Hold a piece in the air and let go; if it 
falls, it is heavy melting scrap.” “Matching melt 
carbon with carbon specification helps to improve 
production rate. The melt carbon is at the merey 
of the blast furnace. The carbon ordered is at the 
mercy of the blooming mill, if that department has 


any merey.” 


Fellowship Dinner 


One of the changes for which the 1948 confer- 
ence may be remembered is that this was the first 
time a seating list was prepared for the Fellowship 
Dinner. The speaker, C. E. Wilson, president of 
General Motors Corp., directed the attention of the 
group away from technical problems to others more 
puzzling and of wider interest. 

On his topic, “Steel’s Not Everything”, Mr. 
Wilson said, “The material progress we have made 
during the last 100 years was fundamentally based 
on the discovery of mechanical power and _ the 
development of iron and steel. Yet neither of these 
things could have been accomplished except in a 
proper political and social environment. 





“Now this great fundamental inventi ou 
self-perpetuating free society, which has c:ntrjj 
uted so much, even in our lifetime, to th pros- 
perity, health and happiness of the American peop 
is being challenged not only by communists, fascists 
and socialists, but by union monopolies and uni 
dictators as well. 

“Lam sure I will be accused of being anti-uni 
for what I am saying here this evening, but | a 
not. The simple fact is that monopoly unions 
exercise power over the industrial life of the natio; 
No minority group, not elected by the people and 
not responsible to the people, can be allowed { 
exercise such power. 

“We can no longer tolerate those subversiy 
elements which are using labor unions to sabotag 
our production and promote social and_ politica 
unrest. The progress of our country and the peac 
of the world depend on how we promote the real- 
ism of work as well as the idealism of our fri 
society.” 

There were, of course, many topics discuss 
at the conference which are not touched on in ‘his 
report. The effect of openhearth practice on quality 
or some measure of performance could be said t 
be the general topic of the meeting. Serap prep- 
aration and charging, temperature measureme! 
and oxygen discussions fitted into this genera 
theme. Next year’s conference will be held ir 
Chicago, April 18, 19 and 20, 1949. 6 
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Cork and Seal Company, 
re. Md.. uses austenitic chro- 
sickel stainless steel to as- 
e sanitation, durability and 
free performance of their 
i 628 unit. Easily cleaned. 
sinless steel is highly resistant 
istufis. atmosphere. most or- 
and a great many inorganic 
and to dyes and steriliz- 


“tions 








STEEL 5... Minimizes ‘CLEAN-up’” time 









and CUTS MAINTENANCE COSTS, too! 


You can save money—and time too 
—because of the ease with which 


this equipment can be cleaned. 


The rotary vacuum filler-cap- 
per, shown above, is equipment 
of this kind. It saves money, time 
and labor, day-after-day. 

Easy to clean and keep clean, it 
also combats wear and general 
abuse because it’s made of chro- 
mium-nickel austenitic stainless 
steel. 


Corrosion-resistance combined 
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Over the years, International Nickel has accumulated a fund of useful in- 
formation on the properties, treatment, fabrication and performance of engi 
neering alloy steels, stainless steels, cast irons, brasses and bronzes and other 
alloys containing nickel. This information is yours for the asking. Write 


for “List A” of available publications. 


THE INTERNATIONAL NICKEL COMPANY, INC. few'tors’s ‘hy 





with high strength make chro- 
mium-nickel stainless steel an 
ideal material for equipment. 
Considerably stronger than plain 
carbon steel, it permits cutting 
bulk and deadweight without 
sacrificing strength or durability. 
In addition it may be readily 


formed, and is easy to weld. 


Leading steel companies pro- 
duce stainless steel containing 
nickel in tubular, sheet and strip 
form. A list of the sources of sup- 


ply will be furnished on request. 








Tentative Hardenability Bands, 1320 H to 4132 " 


Rockwell Hardness, ‘C* Scale 
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The establishment of tentative hardenability specifications for alloy 
steels (a joint project of the Society of Automotive Engineers and the 
4merican Iron and Steel Institute) is an event of major importance, and 
warrants much wider use by metallurgists in the consuming industries. 





Hardenability Control 


for Alloy Steel Parts 





THIS DISCUSSION, Whose text is the out- 

growth of the talks given before many chap- 
ters of the @ in several versions during my term 
as president of the society, pertains to the alloy 
steel compositions used in this country for the 
manufacture of machinery. Every machine com- 
ponent must perform certain functions and must 
possess certain properties to perform these func- 
tions properly. The steel used for each component 
is the one that appears capable of developing those 
properties most uniformly and at the least cost. 
No matter what kind of steel is selected, however, 
it is impossible to use any large quantity of it, 
involving many heats, without having to contend 
with considerable differences in behavior during 
processing and in physical properties. This is 
because different heats made to the same specifi- 
cation have differing chemical compositions within 
the limits allowed. 

The use of the Jominy hardenability test dur- 
ing the last 10 years has established the connection 
between variation of chemical composition of the 
steel and variation in physical properties and in 
nature of response to heat treatment. 

In the first paper* on the end-quench harden- 
ability test, 10 years ago, hardenability of 12 heats 
of fine-grained 4615 steel was reported as varying 
irom ¥%4 to 2% in. for Rockwell C-60 (Vickers 700 
or Brinell 660). Many doubted that 4615 varied 


_ **A Hardenability Test for Carburizing Steel”, by 
W. E. Jominy and A. L. Boegehold, Transactions @, 
V. 26, 1938, p. 574. 

‘Summarized in “Metal Progress Data Sheets” 
(1946 Edition) No. 51, 52, 55 and 57. 


that much; nobody at that time had an explana- 
tion. It was not long, however, before Grossmann 
and others had linked up this hardenability varia- 
tion with the variation of the chemical composition 
within the allowable limits; their work} permitted 
the calculation of hardenability from chemical 
composition. Now we know that chemical com- 
position on the high side of the specification will 
cause one set of troubles and chemistry on the low 
side will cause quite a different set of troubles. 
Chemistry on the high side will sometimes cause 
too much or too deep hardening, resulting in crack- 
ing, too much distortion and necessity for raising 
the tempering temperature to bring the final hard- 
ness within the desired limits. On the other hand, 
chemistry on the low side sometimes means insuf- 
ficient hardening to produce the desired physical 
properties and will necessitate lowering the tem- 
pering temperature. 

Just how much variation in hardenability 
would occur within the chemical limits for each 
alloy steel specification was the problem during 
the war set before a committee sponsored jointly 
by the Society of Automotive Engineers and the 
American Iron and Steel Institute. Hardenability 





By A. L. Boegehold 
Past President @ 
Head, Metallurgy Department 
Research Laboratories Division, General Motors Corp 
Detroit 
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curves on hundreds of heats of each steel were 
collected and studied. The spread of hardenability 
calculated from chemistry indicated that the varia- 
tion for any current specification would be great, 
but the spread shown by actual hardenability tests 
was even wider, due to the residual alloying ele- 
ments in some heats. It seemed obvious that steps 
should be taken to protect the steel user by 
restricting hardenability within narrower limits, 
and tentative hardenability limits were set up. 
With some changes these are now available for 62 
different alloy steels. These tentative standards 
have been published in June 1947 by the S.A.E. 
and A.I.S.1. jointly in “Contributions to the Metal- 
lurgy of Steel—- No. 11; Hardenability of Alloy 


Steels”. * 
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found that about 7% of the heats made failed {, 
meet the chemistry specifications and had to jp 
diverted to other uses. In the study of the harden. 
ability steels it was therefore decided to disearj 
7% of the heats instead of widening out the 
hardenability band on the high or low side {) 
include them. However, the heats that fall! outside 
the H-band limits and have to be diverted are no; 
the same heats that fall outside the chemistry 
specifications. Since the number of rejected o; 
diverted heats involved is no greater than for. 
merly, the customer can specify the narrower 
H-band limits without paying any extra. Notice 
also that the chemistry limits allowed for the 
H-band specification — a typical example is noted 
in Fig. 1 — are wider than the limits when order. 

ing to chemistry alone. This does not meap 


Specifications 8640H A/S/ 8640 that all elements could be at the low limits 
a pa po od roped or high limits in one heat of steel; that would 
Si 020/035 020/035 result in hardenability outside the bani 

[IM 035/075 040/070 limits. It means that chemistry can be any- 


8 

“i 

SS ~ maces a 

os 50 NS =< Cr 035/065 040/060 where within the limits shown, if at the sam 

% _N ~t 71/0 218/025 015/025 time the hardenability curve is inside the 

B40 a es te +-+- — H-band limits. The way it works out is that 

g . 1.8.1 8640") a most of the chemical elements are toward th: 

> oN | 8640 H- middle of the range, while one or two of them 

BS 30 ~~ n° oo may be near the high or low limit for the! 

a ~ a element. Steel ordered to chemistry limits 

Xe 20+4- — a could have all elements but one toward th 
middle of the range and one outside the limit. 






































4] 4 8 l2 /6 20 24 28 32 
Distance From Quenched End of Specimen, Sixteenths 


Fig. 1 — Typical Spread of Representative End- 
Quench Hardenability Curves for Steels Ordered 
to Chemistry and to Hardenability Specifications 


The difference between the new hardenability 
limits in an “H” steel, so-called, and the spread of 
hardenability incurred by specifying according to 
chemistry by A.LS.I. or S.A.E. standard specifica- 
tion, is illustrated in Fig. 1. Two dotted harden- 
ability curves show the spread of hardenability 
encountered in a large number of heats of 8640 
ordered to chemistry limits, and two solid harden- 
ability curves show the limits of hardenability 
guaranteed by the steelmaker if 8640H is ordered. 

The method and statistics on several hundred 
heats of each type of steel used in deciding on the 
location of the limits for the new H-bands have 
been described by John Mitchell in his “Progress 
Report on Hardenability Bands” in the 1945 Year 
Book of the American Iron and Steel Institute. 

Over a period of many years, steelmakers 

*These revised H-bands will be published as data 
sheets in Metal Progress; the first is in this issue, page 
696-B. 


and therefore would be rejectable, yet th 
hardenability of such a heat would be well 
within the H-band range and would be 4 
perfectly satisfactory steel for the purpos 
intended. As another example, the chemistry 
specification would permit all the chemica 
elements in one heat to be on the low limit 
or on the high limit, thus presenting a problem 
involving too low or too high hardenability. This 
cannot happen when steel is ordered by the !! 
specification. 
On this basis there is really no justification 
for ordering steel to the old chemistry limits. 
The H-band limits have been available | 
consumers for nearly two years. Many metal- 
lurgists have made no attempt to use them. 
those who have used them, some affirm that the 
closer hardenability limits result in more uniform 
material and less trouble in the shop, others (whe 
have to do precision heat treating) report that the 
H-band limits are still too wide, others say th 
the old chemistry specification plus a minimum 
hardenability specification gives them all the co™ 
trol needed, while still others say that the old 
chemistry limits are just as good. If surface 
hardness must be under accurate control. th 
narrower carbon range obtained with the chem 
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be istry specification is frequently preferred. The cles than would occur when the steel is ordered 








et first and second statements are justified but the to the hardenability limits. 

" third, fourth and fifth are not. It is true that cer- As to the use of a chemistry specification plus 

the tain parts must be held within narrower limits a minimum hardenability, it should be noted that 

be than can be supplied by the tentative H-band spec- no advantage is gained that cannot be obtained | 
ne ification, but it is also true that where satisfactory with the H-band specification. The proposed 
re steel can be ordered to standard chemistry limits alternative method sacrifices control on the high | 
a a substitution of the H-band specification will give side of the band, and unduly high hardenability 
es better control and less trouble in the long run. often gives cracking and distortion trouble. 
- The carbon range of the chemistry specifica- The principal misconceptions regarding 
~ tion for the standard openhearth and electric fur- H-bands have arisen because conclusions are ¢ 
_ nace alloy steels (A.1.S.I. and S.A.E.) is five points. drawn from its use within a limited set of condi- 

the Applied to the range in more than one heat this tions. For example, if some part of small section 

ted could actually be nine points when two points size is made from a steel having more harden- 

- allowance for check analysis above and below the ability than needed for that size section, then there 
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Test Pieces and Water Quenched Plates (Left) and Bars of Various Diameters | 


: limits is included. The total range for the H-band will seem to be no difference whatsoever between | 
+h specification on this basis is 12 points. The fact results with steel bought to chemistry limits and | 
of is, however, that the steelmaker cannot allow that steel bought to H-band limits. Especially will this | 
" much variation in carbon, for if he did the hard- be true if hardness tests are made only at the sur- | 
~ enability curve at the ,/,-in. location would not be face of that part, and when results from too few 
“ within the prescribed limits. Note that, in Fig. 1, heats are considered. But a broader view must be 
he the maximum and minimum spread for 8640H is taken. Later on, two charts will be discussed 
sat no wider than when the chemistry specification is showing how the limited aspect just mentioned is | 
we used. As a matter of fact, to illustrate with 8640, related to the whole problem. | 
es the steel whose H-band is shown in Fig. 1, the In order to get a better perspective of the 
i? actual hardness range corresponding to the carbon over-all problem, it should be studied by curves 
” np permitted by the chemical specification 0.36 showing hardness across the cross section (hard- 
te ° 045 would be C-50 to 62. We see, therefore, ness traverses) as an adjunct to the end-quench 
n- that ordering steel to chemistry will result in more hardenability curves. The time and expense con- 

hardness spread at the surface of hardened arti- nected with actually determining hardness across 
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Fig. 3— Actual Hardness on Cross Sections of 
Rounds Compared With Hardness Predicted by 
Cooling-Time and Cooling-Rate Correlations. 
Manning’s Steel B; composition: 0.44% C, 0.91% 
Mn, 0.22% Si, 0.09% Ni, 0.01% Cr, 0.05% Mo 


rates at 1300° F. These curves were published jp 
Metal Progress Data Sheet for January 1{)47, ang 
are used for deriving hardness versus cross 
section curves. 

Sometimes we hear doubts expressed aboy 
the accuracy of such hardness-depth curves 
when derived from the Jominy curve. We should, 
therefore, digress for a few moments to establish 
its validity. Likewise some workers on hardep. 
ability have questioned the practice of using the 
cooling rate at 1300°F. as an indication of the 
effectiveness of a given cooling cycle, contending 
that the cooling speed below 1300° F. may affect 
the final hardness. 

Wilks, Cook and Avery, in their paper 
entitled “Further Developments of the End- 
Quench Hardenability Test” in Transactions @, 
V. 35, 1945, p. 1, believe that the entire cooling 
curve must be considered. With this in mind, 
they developed a new method for testing harden- 
ability. They used a bar quenched on both 
ends and varied the length of the bar to repre- 
sent the diameter or thickness of the section 
under investigation. Their method does dupli- 
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Time and Cooling-Rate Correlation. 
Manning’s Steel C; composition: 0.43% C, 0.96% 
Mn, 0.25% Si, 0.57% Ni, 0.54% Cr, 0.27% Mo 


the section can be saved by deriving these curves 
from the Jominy hardenability curves. (Often 
only the hardenability curve and not the steel 
itself is available to the metallurgist who must 
decide whether it will be suitable for some part.) 

Derived hardness curves across the section 
are obtained by assuming that any point within a 
quenched section which has the same cooling rate 
as some point on the Jominy bar will also have the 
same hardness as that point on the Jominy bar 
after quenching. Curves are available correlating 
points on the Jominy bar with points in quenched 
sections of various sizes having the same cooling 


cate cooling curves in the quenched section and 
in the test bar, but it is at a disadvantage because 
it does not provide a standard test bar but uses 3 
different length of test piece for every diameter of 
bar that is in production. 

It is admitted that the speed of cooling after 
passing below 1300° F. may determine final hard: 
ness, but studies of the effect of cooling below 
1300° F. should be made on the present standard 
Jominy hardenability bar so that data derived 
from hardness curves and cooling rates can be 
compared. Therefore, a new correlation betwee? 
Jominy bar and quenched sections was prepared 
in which time to cool from 1350 to 900° F. was 
used instead of the cooling rate at 1300°!. This 
pertains to water quenched rounds and plates, 
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shown in Fig. 2, comparing the data from experi- 
ments based on the two assumptions. Both sets 
of curves were based on newly determined cooling 
curves in hardenability bars and in quenched 
sections. * 

All test bars in these tests, both end quenched 
and submerged quenched, were made from the 
same composition steel (N.E.9445) and cooling 
curves were taken with highly sensitive instru- 
ments. It is evident from Fig. 2 that higher 
hardness for a given size section will be predicted 
from the cooling-time correlation (that is, the time 
required to cool from 1350 to 900° F.). Which 
method should be used? The accuracy of predict- 
ing hardness from the cooling-time correlation 
was carefully checked by George K. Manning in 
Metal Progress for October 1946, in rounds from 
| to 4 in. diameter made from four different steels. 
He did not include hardness-depth curves derived 
from the new cooling-rate correlation, so I have 
prepared these curves for three of his steels from 
the relations shown in Fig. 2, and plotted them 
in Fig. 3, 4 and 5, together with curves derived 
from the cooling-time correlation. 

In the 1-in. and 1.5-in. round, the hardness 
predicted from the cooling-time correlation was 
very close to the actual hardness. In the sizes 
from 2 to 4 in., however, the hardnesses predicted 
from the cooling-rate correlation are closer to 
actual hardnesses than those predicted from the 
cooling-time correlation. 

The biggest discrepancy was 15 points on the 
Rockwell C-scale at the center of the 2-in. round 
of Steel B, Fig. 3. Manning’s hardenability curve 

*The entire data were presented in Office of Sci- 
entific Research and Development’s O.S.R.D. Report 
No. 4386, Serial M-404, entitled “Heat Treatment of 
National Emergency Steels for Use in Tanks, Combat 
Cars, Gun Mounts and Other Ordnance Materiel”. Fig. 
- on p. 699 is from Metal Progress Data Sheet, January 
1947, p. 96-B (based on data therefrom). 


for Steel B showed a very steep gradient in that 
part of the Jominy bar corresponding to the center 
of a 2-in. round quenched in water. This, of 
course, increases the possibility of error; it can 
be stated that, as a general rule, predictions made 
from the steep part of the hardenability curve will 
tend to be more in error than predictions from 
the flatter parts of the curve. 

Figures 4 and 5 show curves for sizes up to 
4 in. in diameter. Our own work at General 
Motors’ Research Laboratory Division has also 
shown that the cooling-time correlation is more 
accurate in sizes up to 1% in. and that in heavier 
sections the cooling-rate correlation will predict 
more accurately. 

The reason for this is not yet apparent. 
Manning suggests that stresses (due to thermal 
gradients and to sequence of volume changes 
accompanying transformations) may alter the 
amount of transformation and thus affect the final 
hardness of the mixed microstructure. 

No doubt some of the discrepancies can be 
caused in this way. 

Although these derived hardness-depth curves 
are not 100% accurate, they are adequate for 
practical purposes because the accuracy is suffi- 
cient to judge the suitability of a steel for a given 
usage. The method described above, whatever its 
shortcomings, is the most accurate method avail- 
able to the metallurgist for judging the application 
of a steel to the machine part to be made. Com- 
pared to the practice, followed only 10 years ago, 
of using one set of hardness versus cross section 
curves made on one heat of steel to represent all 
heats of the same S.A.E. specification, the present 
method of predicting is highly accurate and infi- 
nitely less likely to lead us into erroneous results. 
We can say from considerable experience with this 
method during the war that the results are highly 
satisfactory. 





& 





2 


2Ve-In. Round 


— 


2-/n. Round 














as 
S 


Fig. 5 — Actual Hardness on Cross Sections of 
Rounds Compared With Hardness Predicted by 
Cooling-Time and Cooling-Rate Correlations. 
‘lanning’s Steel D; composition: 0.49% C, 0.72% 
Vin, 0.30% Si, 0.52% Ni, 0.54% Cr, 0.20% Mo 
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70 | ~T the depth of hardening 
Severity of Quench 66 + __— 1000 Ft. per Min.__| only ;'; in. The increased 
50 and 200 | water velocity in no way 
At one time we believed 62 Still water _| — compares with the effec 
it would be necessary to ~ of increased alloy and car. 
have separate correlations g 58 bon in producing through. 
between quenched sections D a 2-In Plates hardening. A steel like 
and the Jominy bar to 2 54 ee——— = * of AIS1 GIAS” 1045, having the steep part 
represent different sever- 2 ~\ Water of its hardenability curve 
ities of quench as a result e 50 AN Quench — a at cooling speeds compara- 
of varying the velocity of 8 6 IN ble to those near the sur. 
the quenching medium rt Yeu face of the 2-in. plate, 
from 0 to 1000 ft. per min. > , ) ae ‘300 ies htoess would show a big increase 
The correlation be- a" in hardness at the surface 
tween the hardenability § 38 Steet an ~ ie of a 2-in. plate when the 
bar and water quenched < “a eS quench water speed is 
rounds, shown at the right 34 |——— 2-In. Plates =~ — increased greatly — to 100) 
side of Fig. 2, is based on of NE. 9455 ft. per min. 
water flowing past the 30 5 Me V2 54 i; The conclusion we 
surface of the piece being Distance Below Surface, In reached from these data 
quenched at 200 ft. per was that it would not be 


min. (314 ft. per sec.). We 
found that speeding up the 
quenching stream has much 
less effect on speed of 
cooling than is commonly 
thought. The cooling rate 
is not changed appreciably at the center of the bar 
or plate, and is only slightly affected at half-way 
between the surface and center for either plates or 
rounds. Greater speed of cooling occurs between 
the surface and half-radius, and the increase in 
hardness that can be expected by increasing the 
velocity of the quenching medium is shown in 
Fig. 6, above. 

Four hardness curves between surface and 
center of a 2-in. plate are predicted for N.E.9435 
steel, one for still water and one each for 50, 300 
and 1000 ft. per min. The cooling rates at 50 and 
200-ft. per min. water velocity are the same. 
Three hardness curves are predicted for A.L.S.1. 
6145 and for N.E.9445 steel. The influence of 
velocity of quenching water depends upon the 
degree of hardenability possessed by the steel. 
In the case of N.E.9445, which has high harden- 
ability, the increased water velocity has very little 
effect because even when quenching in still water, 
the cooling rates in a 2-in. plate are enough to 
produce almost the maximum hardness obtainable. 

On the other hand, the steep part of the hard- 
enability curve of relatively shallow hardening 
steel, like N.E.9435, is at that part of the Jominy 
bar having cooling rates the same as those midway 
between surface and center of a 2-in. plate, water 
quenched. Therefore, an increase of cooling rate by 
speeding up the quench water produces a relatively 
large hardness increase in this region but increases 
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Fig. 6— Increasing the Velocity of the 
Quenching Stream Increases the Hardness 
of the Outer Layers Only and to a Noticeable 
Degree Only in Steels of Low Hardenability 


worthwhile to go to all the 
trouble and work necessary 
to establish separate cor- 
relations between 
rates in the Jominy bar 
and in quenched sections 
for various water velocities because the hardness 
predicted from the present correlation is sufficiently 
close. It is enough to know that only slightly 
greater penetration can be obtained by drastically 
increasing the quenchant velocity. 

The most important benefit from high velocity 
in the quenching medium is insurance of max 
mum hardness and freedom from soft spots at the 
surface and just below the surface. If the steel is 
one with a hardenability curve having a sleep 
gradient in that region of the Jominy bar having 
cooling rates like those near the surface of a 2-in. 
plate, a speed-up of the quenching water velocity 
will produce a marked increase in surface hard- 
ness of a quenched 2-in. plate. It is only under 
these critical circumstances that hardness 
largely increased by speeding up the circulation ol 
the quenching water. 

From the foregoing discussion of derived 
curves for hardness across the section we ¢al 
with a degree of accuracy shown in the compari 
son with Manning’s result, use such derivations to 
predict the usefulness of a steel in different section 
sizes and to illustrate the advantages of ordering 
steel to the H-band specification. Figure 7 shows 
a number of such hardness curves (frequently 
called “U-curves” from their. complete shape 
derived from the maximum and minimum hardet 
ability curves bounding the hardenability band for 
8745H steel. These curves show exactly w!at ca" 
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be expected much more understandably than does 
the hardenability band by itself. 


Hardness Across the Section 


In Fig. 7 the dotted horizontal lines give 
the percentages of martensite present in the 
as-quenched structure.* It is obvious that, in the 
sections larger than 1%4-in. round oil quenched, 
and 2-in. round water quenched, even with the 
more restricted range of hardenability obtained 
with the H-band, we have to contend with greatly 
different structures and hardness in steels repre- 
senting the high side and the low side of the 
hardenability range. For example, a 2-in. round, 
oil quenched, will have 95% martensite and C-56 
at the center if made from steel on the high limit 
of hardenability, but, wnen made from steel on the 


low limit, the center hardness would be only C-40 
and contain only 20% martensite. Such differences 
in structural transformations would undoubtedly 
cause greatly different stress patterns after 
hardening. 

The location of the low limit hardenability 
curve, of course, determines the sizes to which the 
steel must be limited, depending upon the require- 
ments of the piece to be made. Stated in another 
way, the steel selected for a certain part must have 
a hardenability range whose minimum will pro- 
duce the structure and hardness required in the 
part. The minimum hardenability of a steel obvi- 
ously determines how large a section it can be 
used for. (These statements apply only where 
many heats of the same steel are used for making 
the same piece in production.) 

There is no one minimum hardness or struc- 

ture that must be obtained at 
the center of a_ section after 
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quenching; different. parts 
made from alloy steel involve 
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different requirements for 
as-quenched hardness and 
structure. For example, a bolt 
is subjected principally to ten- 
sile stress more or less uni- 
formly across its section, and so 
it is desirable to have uniform 
structure and strength all across 
its section; consequently we 
usually require an as-quenched 
minimum hardness of C-52, 

a equivalent to 90% martensite. 
Hardenability The maximum size bar that 
could be made from a given 








Fig. 7 — Derived U-Curves (Hardness Traverses) for 
Various Sized Rounds of 8745 H Steel Having 


steel and still show C-52 at the 
center, after quenching, is the 
critical size for that particular 


Maximum and Minimum Allowable Hardenability steel and is determined from 
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1800 and 1994), 
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Fig. 8 — Traverses of 8745 H Rounds of Such Size as to Quench Out to 50, 80 and 90% Martensite at Center 
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Rockwell Hardness, C’ Scale 


the minimum hardenability of the steel. For 
8745H (Fig. 7) 90% martensite at the center when 
oil quenched results in a critical size of about 
¥g-in. round. 

A method for plotting cross-section hardness 
curves to show how the critical size changes, 
depending on what hardness or structure is speci- 
fied at the center, as-quenched, is shown in Fig. 8. 
The hardness-depth curves are for sizes which 
require at least 50, 80 and 90% martensite at the 
center. This requirement depends on the views 
of the metallurgist and the nature of the part to 
be hardened. A rather extensive tabulation of 
maximum size of bars of the H steels which can 
quench to specified center hardness, and the cor- 
responding amount of martensite in the structure, 
was carried as a data sheet in Metal Progress for 
February 1947. 

The minimum requirement of 90% martensite 
in the as-quenched microstructure has been men- 
tioned as applicable to bolts or other tension mem- 
bers. Martensite 80% minimum, equivalent of 
C-48 for carbon on the low side of 8745H steel, is 
typical of at least two manufacturers’ require- 
ments for automobile axle shafts after hardening 
and before tempering. Although an axle shaft 
stressed in torsion and in bending is subject 
theoretically to no stress at the center, it is neces- 
sary to set a fairly high minimum central hardness 
to be sure that the surface hardness, as-quenched, 
will be high enough to yield the best structure 





A minimum of 50% martensite at the center 
(C-44) is considered by most metallurgists to pp 
inadequate for through-hardened axle shafis. Mos; 
auto engine crankshafts and other parts not 
highly stressed, or machine parts where the fina) 
hardness after tempering is in the lower brackets. 
will be satisfactory with 50% martensite or less. 
as-quenched. 

The critical sizes for oil quenched 87454 
steel for these three structural requirements then 
becomes % in. for 90% martensitic structure. 
14% in. diameter for 80% and 1% in. for 50%. 
These maximum sizes are based on structures 
obtainable in a heat of 8745H having low limit 
hardenability. 

All heats of 8745H specification steel should 
be limited to use in the critical size peculiar to 
minimum hardenability, in spite of the fact that 
most of the heats supplied would give the required 
structure in much bigger sizes (up to those shown 
at the left in the charts of Fig. 8). In the 1-in. 
round, representing use as an axle shaft, the total 
as-quenched hardness variation from low to high 
limit hardenability is 15 points on the Rockwell 
“C” scale from surface of bar with high-side 
hardenability to center of bar with low-side hard- 
enability. The spread of surface hardness is only 
9 points. This is the reason that tempering tem- 
peratures must be shifted frequently to make the 
tempered hardness come within specified limits. 

It would be a great boon to steel treaters and 















































after tempering to resist the high stresses there. metallurgists, especially those using continuous 
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Fig. 9 — Hardness Traverses of Auto Axles Made With Steel on High and Low Side 
of S.A.E. 1330, 1330H, and of Selected Heats With Narrow Hardenability Band 
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conveyer furnaces, if they were not required to change tem- 
pering temperatures to compensate for varying as-quenched 
hardness. The width of the hardenability band and the hard- 
ness limits specified for the heat treated article determine the 
adjustments required for tempering temperatures. 


Steel for Axle Shaft 


Consider this question in connection with through- 
hardened and tempered axle shafts. In a practice recently 
used, axles were made of S.A.E.1330, water quenched and 
tempered to C-36.5 to 42.0 at the surface and C-34.5 to 42.0 at 
the center. The shafts varied in size, but to illustrate the 
problem, the hardness relationships are presented in hardness 
traverses showing the hardness range that would be expe- 
rienced for heats of water quenched S.A.E.1330 bought to 
chemistry only, and hardness resulting from tempering at 
300° F. Obviously, the as-quenched hardness range is too 
wide, since the center hardness of steel on the low limit of 
hardness is at the minimum required after tempering. This 
means that no tempering could be done on such a shaft. 

Similarly in the middle chart is shown the as-quenched 
hardness range for 1330H, and the hardness after tempering 
at 800° F. again outside the prescribed hardness limits. A 
lower tempering temperature for low-hardenability heats 
would suffice to bring all tempered hardness within limits. 
This is done regularly to compensate for wide variations in 
as-quenched hardness. This involves checking every heat 
of steel to determine the proper tempering temperature and 
keeping heats separate all through processing. In one plant 
where axles were made from S.A.E.1330 steel, bought to 
chemistry limits, hardness limits were maintained only at 
the surface, and to maintain the C-36.5 to 42 limit, it was 


Table |— Comparison of Hardnesses to Be Expected in Quenched 


Rounds of Typical Steels Specified by Chemical Analysis 
and by Hardenability Bands 





















































HARDNESS AT SURFACE HARDNESS AT CENTER 
B: TR OTS 
i | MAXIMUM | MINIMUM | MAXIMUM | MINIMUM 
CHEM.| “H” Cuem.| —" Cuem. | — Cuem.| “— 
4340 Steel* (1.75 Ni, 0.80 Cr, 0.25 Mo) , | 
% in. | C-60 | C-60 | C-54 | C-52.5| C-59.5|] C-60 | C-52 | C-52.5 
% 59.5 60 53 52.5 59 60 51 52.5 
1 59.5 60 53 52.5 59 60 50 52.5 
1% 59.5 60 52.5 52.5 58.5 60 48.5 52.0 
1% | 59.5 60 52.0 52.5 58.5 60 47.5 52.0 
2 59.0 60 51.0 52.5 58 60 45 51.5 
3 58.5) 60 48.0) 52.0) 58 60 40 49 
8640 Steel (0.90 Mn, 0.55 Ni, 0.50 Cr, 0.20 Mo) 
%in. | C-60 | C-60 | C-51 C-51.5! C-60 | C-60 | C-49 | C-50 
\ 60 60 50.5 51.5 59 58 43 46 
I 59.5 59.5 49 50 58 57 41 44 
I % 59.5 59.5 49 50 55.5 53 35 39 
1% 59 59 48 49.5} 54.5] 52 32.5] 37 
2 59 58.5} 45 47.5| 51 47.5| 26 32 














*Results of 159 heats bought to chemical specification. 
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necessary to vary tempering temperatures 
from 775 to 875° F. Hardenability band 
limits would narrow this a little but 
would not eliminate the necessity of 
changing tempering temperatures. What 
the hardenability band specification 
would accomplish would be to avoid 
heats with such low hardenability that 
they could not be used for axles, as 
sometimes occurs when steel is bought 
to chemistry limits only. 

By limiting the range of harden- 
ability to that represented in the right- 
hand chart it would be possible to 
temper all heats at the same tempera- 
ture and meet the final hardness limits. 
Observe that all hardness values after 
tempering come within the prescribed 
limits of 34.5 min. at center to 42 max. 
at surface. A hardenability band to 
produce such results would have a 
spread of 3 points on the Rockwell “C” 

scale at the ,,-in. position on the 
Jominy end-quench test bar and & 
points C at 5, in. This represents just 
about the range that will include 66% 
of the heats made to a chemistry 
specification. If hardness were tested 
only at the surface, a slightly wider 
hardenability band would suffice. 
Specification of a hardenability 
range of this amount pos- 
sibility with the present state of devel- 
opment of the art of hardenability 


is not a 











control, unless circumstances are such that heats 
‘an be selected. 

Table I shows a further comparison between 
hardnesses in as-quenched sections of heats of two 
alloy steels bought to chemistry and those bought 
to hardenability specifications. These figures indi- 
cate that if a surface hardness of C-50 is required 
on a 1\-in. diameter section, it can be obtained 
with the 8640H specification, but S.A.E.8640 ordered 
to chemistry would only apply up to a 7s-in. round 
at this hardness — it would be necessary to use a 
steel with more alloy or more carbon, and either 
one would cost more money either for the steel or 
the machining. 





Fig. 10 —- Tool Joint Susceptible to Quench Cracks Unless 
Steel Is Selected to Unusually Narrow Hardenability Band 


Suppose we turn to the 4340 steel in Table I. 
If, in a %-in. diameter section, oil quenched, a 
hardness of C-50 is required at the center, either 
a hardenability or chemistry specification for 4340 
would meet the requirement. However, C-50 at 
the center of a '%4-in. section can be obtained with 
8640 bought to the H-band specification; to specify 
the higher alloy and more expensive S.A.E.4340 
for this requirement is uneconomical. S.A.E.8640 
bought to chemistry, however, would show only 
C-48 for a minimum hardenability heat and would, 
therefore, not meet the requirement. This is an 
example of the rule that the least expensive means 
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of obtaining desired properties is by means of a 
hardenability specification. 

As another example, if C-52 were wanted at 
surface of a 3-in. diameter, 4340H would do it. 
but S.A.E.4340 would produce that hardness only 
in a 1'%-in. diameter with a low-side chemistry 
heat. Again, if C-50 at center of a 234-in. section 
were wanted, 4340H would do, but S.A.E.4340 
(bought to chemistry) would allow heats that 
could reach this hardness only in 1-in. rounds. 

A little study along these lines makes it 
obvious that it will cost the consumer money to 
buy steel on chemistry. , 


Examples Where H-Bands Do Not Apply 


A few instances will be discussed to show 
there are circumstances wherein the new harden- 
ability band specifications are inadequate for 
meeting the requirements. 

First let us consider the use of hardenability 
limits for steels for which no H-bands exist, specif- 
ically the selection of steel for a torsion bar spring 
for heavy vehicles. This part has been successfull) 
made from A.I.S.1.9262 plus 0.25% molybdenum, 
or from 9262 intensified with Grainal. Hardness 
specified is C-47 to 51 after tempering at a mini- 
mum of 850°F. (This temperature insures ade- 
quate ductility for a presetting operation.) 
Therefore, the minimum as-quenched hardness 
must be at least C-55. Since the maximum obtain- 
able hardness for 9262 (2% Si, 0.82% Cr) is not 
more than eight points higher, it is necessary only 
to specify a minimum hardenability to insure at 
least C-55 at the center of the torsion bar. One 
size used was 2,%, in. diameter, and from a set ol 
curves similar to Fig. 2 yet which apply to oil 
quenching, it is found that the center cooling rate 
is the same as that at a point 14/16 in. from the 
end of the Jominy bar. The minimum harden- 
ability, therefore, will be represented by a hard- 
enability band whose lower boundary passes 
through C-55 at 14/16 in. That is all the specifica- 
tion that is necessary (plus the chemistry). 

This kind of specification is permissible when 
there has been no hardenability band established 
for the steel used, which is true for A.1.S.1.9262 
plus 0.25% molybdenum or for A.LS.I.9262 
intensified with Grainal. 

Earlier in this discussion, reference was mad 
to the danger of cracking with steel on the high 
side of the hardenability range. In this particular 
example there was danger of cracked torsion bars 
made of steel with any amount of hardenability 
down to the minimum required. In production, 
cracking was prevented by a time quench «nd 4 
controlled time-temperature cycle prior to te: 'per™ 
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ing. (racking can usually be prevented by proper 


hardenability. Therefore, a maximum harden- 
ability limit for this purpose is not a necessity 
unless controlled quenching is impossible. 

Where it is impossible to modify the quench, 
and where high center hardness is not required, 
close control of hardenability is frequently effec- 
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conduct of the quenching operation, regardless of 
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Fig. 11 — Desired Hardenability for Shell Hardened 
Axle Shafts, Met by Selected Heats of “10 T 40” Steel — C 
1040, Grainal Treated. (Timken-Detroit Axle Co.) 

















lve in preventing cracking. An example is a tool 
joint (Fig. 10), a coupling for an oil well drill. 
When made of a through-hardening steel, this 
would crack on quenching. By selecting heats 
according to hardenability so that the part would 
harden at the surface but not at the center, crack- 
ing Was eliminated. The required range of hard- 
enabilily was much more restricted than could be 
obtained by ordering steel to the hardenability 
band. Selection of heats, therefore, was the only 
Satisfactory solution. 





Shell Hardened Axle Shafts— As the subject 
of residual stresses becomes better understood and 
efforts are made to make them work for us, it will 
be seen that there is more and more reason for 
narrow hardenability limits with a definite maxi- 
mum as well as minimum. This may be illustrated 
by the practice used by R. W. Roush at Timken- 
Detroit Axle Co. for making rear axles for trucks 
and busses. 

In a certain 1}}-in. diameter axle shaft, the 
hardness limits are C-55 to 60 at the surface and 
C-20 to 35 at the center. The steel used for a 
period prior to the war was S.A.E.1040 treated 
with an addition agent, and the hardenability lim- 
its that had to be maintained were C-45 at ,'; to 
*; in. on the Jominy end-quench bar. Since the 
war 1040 and 1046 are used with a “needling” 
treatment in the steelmaking which will produce 
the same hardness pattern. When quenched in a 
10% caustic solution, a high surface hardness and 
low center hardness are obtained within the limits 
shown in Fig. 11. 

Satisfactory shafts are obtained when hard- 
ness falls within the limits defined by the dotted 








S25 STS SS 


Fig. 12 — Shell Hardened Axle Shaft, Milled on Two Sides and Split Longitudinally, Bows Into a 
Curve From Compressive Surface Stresses. Hardness traverses at three locations. Shallow hardening 
steel of Fig. 11, quenched from 1550 °F. in 5% caustic solution at 110 °F., tempered at 350 °F. 


lines. The desired limits are shown by the solid 
lines. Axle shafts from 85 heats made in the 
openhearth all came within these solid-line limits. 
When several sizes of axles are being made, 
control within these limits is possible by allocating 
each heat to the proper bar size, depending on 
hardenability determined on a cast bar prior to 
rolling. 

Close hardenability control is necessary 
because the success of the axle depends on the 
stress pattern left in the shaft. (When center 
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hardness exceeds C-35 the shaft approaches a brit- 
tle condition so that it must be converted to a 
tempered shaft having a hardness of 401 to 444 
Brinell.) The hard surface layers and soft center 
result in compressive stresses at the surface which 
contribute to resistance to high surface stresses 
from externally applied loads. 

Figure 12 shows a shaft cut longitudinally; 
the outward bending of the two halves is evidence 
of the compressive stress at the surface and tensile 
stress at the center. Bending is sharper at one 
end, where it will be observed from the hardness 
traverses that the hardness penetration is greater. 
As the hardness penetration increases, the com- 
pressive stress at the surface decreases; and when 
full hardening occurs at the center, the stresses 
at the surface may be reversed and become tensile. 
To illustrate this, a l-in. plate made from high 
hardenability steel was water quenched and then 
slotted down its axis. Two such pieces were placed 
with outside surfaces together and showed a con- 
cavity of about 0.03 in. in 6-in. span. This is proof 
that the surface was in tension and the cut-out 
center in compression. 

To avoid this result is good reason for requir- 
ing a maximum limit for hardenability. On the 
other hand, any advantage derived from surface 
compressive stresses is greatest when the part is 
not tempered very much, because tempering 
reduces these stresses. Of interest is the fatigue 
life of such a shell hardened shaft compared to an 
alloy steel shaft tempered to 401 to 444 Brinell: 
At 60,000 psi. surface torsional stress 4340 steel 
lasted 10,000 cycles, 8949 lasted 36,000 and 
shell hardened 10T40 steel lasted 500,000 
cycles! 

When a shaft with high surface hard- 
ness also has high center hardness, the 
unfavorable trapped stresses nullify the 
surface strength and fatigue resistance 
which is a normal property of high hard- 
ness steel. A deep hardening shaft of 
this kind, subjected to test, breaks in a 
relatively few cycles with the extremely 
brittle type of fracture producing many 
small fragments near the region where the 
shaft finally let go. One shaft so tested 
(Fig. 13) had a surface hardness of C-56 
and a center hardness of €C-52. High-side 
hardenability limit, therefore, is imperative 
in this part, in which respect it differs from 
the handling of the torsion bar spring. 

Carburized Parts— Rear axle ring 
gears, drive pinions, transmission gears, 
bearing races and all such highly stressed, 
high-hardness parts can be greatly bene- 
fited by close control of hardenability. The 





prime reason for this, again, is to prevent un|avyopr. 
able trapped stresses, rather than to insure certain 
microstructures and hardness. 

Success of carburized rear axle gears depends 
also upon a highly uniform shape of teeth t 
insure uniform load distribution, along with high 
residual compressive stresses in the case to oppose 
the stresses from externally applied loads. We 
have seen that, to obtain favorable stresses in she! 
hardened axles, it is necessary to control harden. 
ability within narrow limits. The same is true for 
carburized gears. This same control of harden. 
ability will also assist in uniformity of size chang 
(distortion from hardening) which can be com. 
pensated for when cutting the gear teeth in th 
green. The volume changes associated with trans. 
formation in the case and core, therefore, must ly 
held as uniform as possible, both as to magnitud 
and sequence. 

Experience has indicated that a range of 1 
points Rockwell “C” in the core should not b 
exceeded for good results. Core hardnesses 
ranging from C-25 to 35 at the root of the tooth are 
considered the outside desired limits. In this 
connection it is interesting to look at the derived 
cross-section hardness curves for the upper and 
lower hardenability limits for 4620H steel in Fig 
14. Only in sections bigger than 2-in. diameter 
can anything like a 10-point Rockwell range be 
realized. In half-inch sections, the hardness 
ranges from C-22 to 48. 

As core hardness of gear teeth exceeds C-4I, 
the compressive stresses desired in the cas 





Fig. 13 — Fragmental Type of Fatigue Fracture in Three 
Hardened Axle Shaft, C-56 at Surface, C-52 at Cen 
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decrease, and they are replaced by tensile stresses that 50 "ar 
may build up to the cracking point of the steel. Fig- 
ure 15 shows a tooth out of a gear where every tooth 
cracked. Its core hardness was C-40 to 45. (High ™ 
core hardness is especially bad in parts where grind- g 40 % Martensite 
ing must be done after hardening.) In this gear, the “ Ses ae “oY 
case cracked because the relative amounts of case LS —---+--+90-- 
» (EE cca adie) afieomaeeed 80-- 
and core were such that the core was stronger than 2 
the case. However, with a high ratio of case to S fe meena minced Oe A SS S| 50-1 
core and a thin section part, the case is the stronger; S --+-—-—----— 20-- 
when the core expands x 
during hardening, it will Fig. 14 — Hardness Traverses > | 
act up toneme presses om of 4620 H at Upper and Lower = €0 s- ary 
the case, but the case Limits of Hardenability Band s .—_ 
10 | Maximum H * Minimum H 
4620 H, Oil Quenched 





Fig. 15 — Cracked Tooth From a Gear Made 
of Steel With Excessive Hardness in the Core 


will be strong enough to assume these 
stresses without failing, although it may 
stretch some. Then when the core con- 
tracts again, after having transformed, it 
is subject to tri-axial stresses and cracks 
in a brittle manner. 

Similar troubles are encountered in 
hardening roller bearing races. Radial 
cracks appeared when the core hardness 
was over C-40. Figure 16 shows a section 
of such a race wherein the case has 
cracked away from the core. 

To prevent cracking such as just 
described — or, what is worse, high 
residual stresses on the verge of cracking 
—at least one plant specifies a harden- 
ability band for rear axle gears in which 
the spread between high and low side of 
the hardenability band is only about half Fig. 16 




















Conclusions 


The analysis presented in this paper leads to 
conclusions as follows: 

1. Ordering steel by the H-band offers oppor- 
tunities for obtaining desired results at lower cost. 

2. There are no instances where it is an 
advantage to order steel to the chemistry specifica- 
tion rather than the H-band specification. 

3. Ordering steel to chemistry limits plus a 
minimum hardenability offers no advantage not 
obtained when the H specification is used, but 
incurs the lack of control on the 
high side of the band which tends 
toward trouble with cracking and 
distortion. 

4. Where close hardness 
limits in the hardened article are 
necessary, the H-band limits may 
be too wide. Special specifications 
and, consequently, greater costs 
are involved in obtaining these 
special results. 

5. Wherever these narrower 
limits are not required, the 
H-band specification should be 
used instead of a straight chem- 
istry specification. This will focus 
the attention of the steelmaker 
on the problem of meeting hard- 
enability limits, and will tend to 
afford the steel user narrower 


limits. t ] 


- Sectioned Roller Bearing Race of Improper 


the width of the band for 4620H steel. Hardness Pattern; Case Has Cracked Away From the Core 
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Personals 





Arnold F. Meyer @, for many 
years chief engineer of The Heil Co., 
Milwaukee, has been appointed vice- 
president in charge of engineering. 


Dale H. Burke @, formerly with 
Libbey Glass Division of Owens-Illi- 
nois Glass Co., has joined the Cham- 
pion Spark Plug Co., Toledo, Ohio, as 
tool engineer. 





Chicago Steel Service Co. an- 
nounces that Jay W. Stranahan © 
has been appointed district represent- 
ative in the Minneapolis-St. Paul 
area. Mr. Stranahan was previously 
with Washington Steel Corp. 


Peter E. Rentschler ©, president 
and treasurer of the Hamilton 
Foundry & Machine Co., Hamilton, 
Ohio, will be the recipient of the 
American Foundrymen’s Associa- 
tion’s Peter L. Simpson medal for his 
outstanding work in promoting better 
foundry housekeeping and safety 
practices, and in public relations. 





EFFICIENTLY * ECONOMICALLY 






Now you can save money by heat treating your small 
parts, tools and dies in Sentry Electric Furnaces. 
Used with Sentry Diamond Blocks, the scientifically 
controlled neutral atmosphere will produce full hard- 
ness and uniformity of work with no reduction in 


Write for 
descriptive 
catalog 


1054-A7 





size, no scale and no decarburization. 

Easy to install, simple to operate, these Sentry Fur- 
naces will quality harden any type of high speed or 
high carbon high chromium steel tools or dies at low 
production cost even with inexperienced help. For 
tool or production line, there is a Sentry Furnace 
to meet your particular requirement. 


The Sentry Company 


Cc) 
F B ¢ 


RO MASS 


A), Sis 
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Charles Locke @, former!y chies 
metallurgist and foundry superip. 
tendent for the West Michigan Steg 
Casting Co., has joined the metals 
research department of Armour Re. 
search Foundation, Chicago. 








Armour Research Foundation of 
Illinois Institute of Technology ap. 
nounces that Ray D. Hayworth 6, 
who was previously on the metals 
research staff, will now serve as 
supervisor of abrasion research. 










H. J. Kicherer ©, formerly map. 
ager of the shop and assembly opera. 
tions, industrial power engineering 
department of International Har. 
vester Co., has been promoted to 
assistant chief engineer in charge of 
crawler tractor, industrial whee! 
tractor and power unit design 
sections. 















T. M. Nolan @, formerly quality 
manager of the Burlington, Vt., plant 
of Bell Aircraft Corp., has been 
transferred to the Buffalo division 
where he will be responsible for the 
laboratories and process engineering 
department as chief of laboratories, 

















J. R. Douglass @ has been pro- 
moted by Trans-Canada Air Lines 
from chief inspector of aircr2ft main- 
tenance and overhaul to supervisor of 
inspection. His headquarters wili be 
in Montreal, Quebec, Canada. 











C. W. Butts @ is now sales repre- 
sentative for Fairmont Aluminum ( 
for Texas and Oklahoma. 


















S. C. Shapleigh @ and Francis J. 
Weldon @ are operating the new 
Bridgeport, Conn., warehouse of the 
Carpenter Steel Co. 


Creston E. Kite @, formerly vice- 
president in charge of sales of Gen- 
eral Alloys Corp. and sles executive 
of E. F. Houghton & Co., has joined 
Abarry Steel Co., Perth Amboy, N. J. 
as general sales manager. 







Harold Smallen ©, formerly of 
Menasco Mfg. Co., Burbank, Calif., 8 
now with the Navy at Michelson Lab- 
oratory, Inyokern, Calif. 







Gerald McClure @, formerly with 
Pittsburgh Chemical! Lab., has re 
turned to the Dubois Co. as sales 
representative for chemical cleaning 
processes for steel and rubber 
industries. 












W. L. Ducker @ has closed Ms 
consulting engineering practice in 
Tulsa, Okla., to accept the newly 
established position as head of te 
petroleum engineering department # 
Texas Technological College, LY 
bock, Texas. 
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First . . . in the scope and achievement of its Research. 
First .. . in the diversity and availability of its products. 


First .. . in its work with Industry to develop the present 
and potential applications of these increasingly important 
basic chemicals. 


General Chemical's Research in the field of fluorine chemistry is 
extensive and continuous, ever reaching into the unexplored. To 
date, it has developed nine major groups of fluorine compounds, 
embracing scores of organic and inorganic products . . . with many 


CATALYSTS 


more to come. 


When your plans call for fluorine chemicals, call on General Chemical. 


BASIC CHEMICALS 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Offices in Principal Cities 


FOR AMERICAN INDUSTRY 
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Durable 
Ampco Metal 


gets the hot seat... 


Centrifugally -cast Ampco Metal 
valve-seat inserts are quality fea- 
tures of the 61 and 74 cu. in. 
O.H.V. engines on the famous 
Harley-Davidson motorcycles. 


Be | ts - 





~ because it has the wear-resistance 
to “take it” on the toughest jobs 


When a famous motorcycle manu- 
facturer specifies Ampco Metal for 
valve-seat inserts be knows bis cus- 
tomers are getting a " plus” value. 
And that value is featured by the 
manufacturer in advertising litera- 
ture as an important sales appeal! 

That's logical when you consider 
the long life and trouble-free serv- 
ice you gain, when critical parts 
are made of Ampco metal — with 


its outstanding resistance to corro- 

sion, compression, impact, fatigue, 
and wear. It has excellent bearing 

qualities, too, plus unique efficiency 

at extreme temperatures. 

Call your nearby Ampco engi- 
neer for full information on 
Ampco Metal and Ampcoloys . . . 
available in castings, extrusions, 
sheet, forgings, and fabricated as- 
semblies. W rite for latest literature. 


Ampco Metal, Inc. 


Department MP-7 @ 


Milwaukee 4, Wisconsin 


Field offices in principal cities 


Speciclists in en- 
gineering, produc- 
tion, finishing of 


Non-sparking copper-base clloy 










safety tools parts and products. 
Fabricated 
assemblies 
Corrosion- 


resistant pumps 


e 





Castings 










TRACE MARK 


Ss 


Sheet, cast- 
extruded-rod 
Welding 

electrodes 
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Personals 





R. R. Tatnall @ has been ap. 
pointed field service metallurgist jp 
charge of customer relations for the 
Colorado Fuel and Iron Coryp.. Wick 
wire Spencer Steel Division. yy 
Tatnall has been connected with the 
company’s Morgan plant at Worces. 
ter, Mass., for 20 years, most recently 
as quality control manager. 


In addition to his position g 
Sheffield Iron & Steel Co., S. T. Jag. 
winski @ has recently become vice. 
— of the Detroit Stee] Casting 

Oo. 


Bruce M. Shields @, who has been 
development metallurgist in the re. 
search department of the South 
works of the Carnegie-Illinois Stee! 
Corp., has been recently transferred 
to the Kearny, N. J., laboratory 
After a short term there, he will be 
transferred to Pittsburgh, which wi 
be his headquarters while traveling 
for the laboratory. 


Siv Steel & Wire Co. ann ; 
the appointment of William P. Stead 
as manager of the newly opened 
branch in Toledo, Ohio, for the sak 
of tool and die steels. 


Walter E. Remmers © has bee: 
elected president of Electro Metal 
lurgical Co., Electro Metallurgical | 
of Canada, Ltd., and other associated 
metallurgical units of Union Cart 
and Carbon Corp. Mr. Remmers has 
been vice-president and director 
Electro Metallurgical Co. since Apr 
1945 and has been associated with 
Union Carbide and Carbon since Aug- 
ust 1936, 


John L. McCloud @, head of the 
department of chemical engineering 
Ford Motor Co., has been nominated 
for 1948 vice-president of the Societ} 
of Automotive Engineers, represent: 
ing the newly authorized Engineering 
Materials Activity. 


Marvin J. Udy @ announces th 
opening of his office for practice % 
consulting engineer in the field o 
process metallurgy, in the producti! 
of ferro-alloys, phosphorus and © 
cium carbide, and in genera! electr 
furnace smelting. 


A. J. Williamson @, unti! recen) 
plant manager of the Summeril! Tub 
ing Div., is now plant manager 
Columbia Steel & Shafting ‘ »., suPe™ 
vising the making of both ars and 
tubes. 














Welding reaches new levels of soundness... 


To get the facts on the internal condition of 
a weld... to provide an almost perfect 
control for assuring homogeneous welds. . . 
to give the welding engineer (and, where 
necessary, the customer) a permanent 
record of the job—use radiography. 





. --- when critical examinations 
7 are made with radiography 

be 

vil Radiography provides more information about 


the internal condition of a weld than is 
obtainable in any other way. It shows up 
irregularities, reveals lack of penetration, 


ead 
ed burned-through areas, gas and slag pockets, 
ale undercuts and other weaknesses . . . shows 

. j 

the welder everything he needs to know. 
‘al 
Ci 
ted . 
" ° ° ° en ene 
~ For maximum radiographic visibility... 
of * . 
ai use Kodak Industrial X-ray Films... 
They provide the high radiographic 

ne sensitivity—the combination of speed, 
ing, contrast, and fine grain—required for the 
ited Kodak Industrial X-ray Film, Kodak Industrial X-ray Film, al le aie eee 
et TYPE A...for x-ray and gamma- TYPE K...designed for gamma- de tail . isibility FOS BE d in critical 
y ray work in sections where fine ray and x-ray radiography of examination of welds. 

. grain and high contrast are de- _ heavy steel parts, and of lighter . , no at i 
sirable for maximum sensitivity parts at limited voltages where For « omple te information on the types 
at moderate exposure times. high film speed is needed. best adapted to your job, see your local 

- x-ray dealer or write to 
a: 
{ aaa 
“ \\ 422 Eastman Kodak Company 
we ™* - —- a 
cal AF X-ray Division, Rochester 4, N. Y. 

Kodak Industrial X-ray Film, Kodak Industrial X-ray Film, “Kodak"’ is a trade-mark 
TYPE M...first choice in critical TYPE F...with calcium tung- 

t] spection of light ailoys, thin state screens—primarily for ra- . ‘ 

ub- ‘eel at moderate voltages, and diography of heavy steel parts. Be sure to look over Kodak's radio- 

of eavy alloy parts with million- For the fastest possible radio- graphic exhibit in Booth $38 at the 

;  celian hi : AFA Convention in Philadelphia, 

Der equipment. graphic procedure. May Srd to 7th. e 











RADIOGRAPHY 


... another important function of photography 



























4 
e J, choosing a heating element for 
their tin plate immersion melting 
equipment, C. M. Kemp Mfg. Co., 
of Baltimore, Md., found the right 
answer in structurally sound non- 


— . 
RRM ALS 2 eye 


anticipates to 






porous castings made by American Brake Shoe Company. A heat- 
resisting grade of Meehanite® gave the necessary strength, pres- 
sure tightness and resistance to thermal shock. 

In the casting itself, freedom from defects was made possible 
by Brake Shoe's experience-based foundry techniques and by its 
background of metallurgical knowledge and testing procedures. 
In the plant shown above, where a Kemp customer operates one 
of the world’s longest lines of tin stacks, the production rate was 
increased, less flue gas consumed, temperatures were more closely 
controlled and dross formation cut down. We welcome inquiries 
on any phase of your need for castings, whether of ABK Metal 
(wear resist), Gray Iron or Meehanite® as made by Brake Shoe. 
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A. R. Stevenson @ is now repre- 
senting Mid-West Forge Co., Cleve. 
land, in the Detroit area. 


Donald H. Désy & has accepted g 
position as metallurgist at the experi. 
mental station of E. I. du Pont dé 
Nemours & Co., Wilmington, Del, 
following the completion of work to. 
ward his degree at Rensselaer Poly. 
technic Institute. 


R. A. Wilson @, formerly with the 
phosphate division of the research 
department, Monsanto Chemical Co, 
has recently joined the staff of the 
process engineering department, Air 
Reduction Co., Greenwich, Conn., as 
head of the planning and evaluation 
section. 


R. D. Wylie @ has accepted a 
position as metallurgist at the Bab- 
cock & Wilcox Co.’s control labora- 
tory in Barberton, Ohio. He was 
formerly metallurgist at the General 
Electric Co.’s chemical department in 
Pittsfield, Mass. 


On graduating from the Univer- 
sity of Pittsburgh, Dick W. Hemphill 
@ has become a member of the metal- 
lurgical department of the Salisbury 
Axle Works, Fort Wayne, Ind. 


T. E. Olson @, formerly metallur- 
gist with the Chrysler Corp., is now 
sales engineer with the Tocco Div. of 
the Ohio Crankshaft Co., Cleveland. 


Keller Phillippe @ has changed 
from melting department of Warman 
Steel Casting Co. to the sales depart- 
ment of the newly organized Las 
Angeles warehouse of the U. S. Steel 
Supply Co. 


T. A. Read @, formerly chief of the 
applied physics section of the Frank- 
ford Arsenal Crdnance Laboratory, 
has joined the physics division of the 
Oak Ridge National Laboratory. He 
continues his connection with Frank- 
ford Arsenal as a consultant. 


Capt. Richard D. Fuller 6, 
has recently returned from an ove! 
seas tour of duty, is now assigned ' 
the Seacoast Branch of the Arrtiller 
School where he is teaching electr¢ 


ring 


ics in the department of engineerin 


] ¢hre 
ined 
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Edward S. Smith @ has 
National Gypsum Co. as 
sales representative on hi: graduat 
ing from the Virginia | ytechr 
Institute. 
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At the blast furnaces and open hearths, oxy gen 
plays an important part. Furnace-tapping 
with the oxygen lance—oldest use of oxy ven- 
cutting in steel plants—still saves time and 


Help on the 
Hot and Heavy Jobs 


reduces hazards. 





Ingots requiring 200 hours for mechan- Cutting the hot top off this 26-inch 
ical “parting” have been split with forged slab with the C-45 blowpipe 
the Oxwetp C-45 heavy-duty blow- took less than LO minutes and left the 
pipe and then machined in 11 hours slab end square and undeformed 


total time. 


The deseaming blowpipe, equipped Draining furnace salamanders by 
with the OXWELpD starting-rod feed, oxygen-lance tapping has reduced 
has reduced conditioning costs more furnace down-time more than three 
than 50 per cent. weeks in some steel plants 





LINDE service engineers who co-operate closely with the steel industry 


have combined experience, Knowledge. and practical “know-how” to 
help make better steel, faster, and at lower cost. 
LINDE engineering service is always available to Linpre customers 


through the nearest LINDE office. 


The words “Linde” and “Oxweld” are registered trade-marks of Unit« of Union 


Carbide and Carbon Corporation. 





THE LINDE AIR PRODUCTS COMPANY 
{ nit of Union Carbide and Carbon Corporation 

30 Fast 42nd St., New York 17, N.Y. [[gf@ Offices in Other Principal Cities 

In Canada: DOMINION OXYGEN COMPANY, LIMITED, Toronto 








Many Carlson 
Customers 
PREFER 


Type 430 
Yo"x 25"x 52%" 


STAINLESS STEEL PLATES 


G. O. Carlson, Inc., does not fabricate any stainless steel, 
but is equipped to supply Stainless Steel Plates rough 
cut to pattern size or blanks, when required. 

We specialize in cutting stainless steel plates by va- 
rious methods. Our cutting equipment includes shears, 
abrasive cutters, band saws, hack saws and power cut- 
ting equipment, as well as numerous machine tools such 
as lathes, planers, boring mills, etc. By using these facilities 
we are able to provide you with blanks and patterns cut 
to your required sizes, for you to perform final finishing 
and fabrication work. 

If it would be of advantage in your production to have 
Carlson's stainless steel plates delivered to you, cut to 
your layout, we would be glad to have you investigate the 
benefit of such action. Send us your specifications and 


blueprints on requirements for pattern cut sizes and blanks. 


w 


-CARLSON, we. 


Stainless Steels Exclusively 


300 Marshalton Road, Thorndale, Pa. 
PLATES e FORGINGS e BILLETS e BARS e SHEETS (No. | Finish) 
Warehouse distributors in principal cities 
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M. O. Wirth ©, previously meta). 
lurgist at U. S. Naval Ordnance Plant 
Center Line, Mich., has joined Aine. 
worth Mfg. Corp., Detroit, in the same 
capacity. 


Ralph E. Herzler, Jr., @ is now 
a technical service engineer for Rey- 
nolds Metals Co. in Chicago. 


After graduating from Rensselaer 
Polytechnic Institute, Richard or 
Tietze & is now employed as a meth. 
ods engineer at Revere Copper 
Brass, Inc., Rome, N. Y. 


W. N. Crout @ is now distric 
manager for the American Rolling 
Mill Co. in Pittsburgh. 


Thomas J. Snodgrass @, a gradu- 
ate of Illinois Institute of Technol. 
ogy, has been appointed plant 
metallurgist of the Trenton works of 
the General Electric Co. 


O. W. Reen @, formerly metallur. 
gist for Allegheny Ludlum Stee! 
Corp., is now on the staff at Purdue 
University, Lafayette, Ind. 


George L. Romine @ has been 
transferred by S. K. Wellman Co. 
from the Detroit office to Cleveland, 
where he will be district manager o 
original equipment sales. 


Jack I. Medoff @, formerly with 
Worthington Pump & Machine Corp. 
and the New York Naval Shipyard 
Laboratory, is conducting a general 
metallurgical consulting service 
New York City, with laboratory 
facilities for testing, research and 
development in physical metallurgy, 
special attention being given to pre- 
cision investment casting. 


Paul K. Zimmerman @, former!) 
special steels representative for 
Joseph T. Ryerson & Son, Inc., at 
Rock Island, IIll., has been transferred 
to the Alloy Steel Division at Chicag 


Earl F. Troup @ has been trans 
ferred as sales representative from 
the Buffalo to the Rochester offic 
Edgar T. Ward’s Sons Co. 


American Brass Co. ha 
ferred James T. Kemp @, met 
cal engineer, from Waterbu 
to San Francisco. 


Harold C. Stone ©, whe stare: 
with Le Tourneau in 1937 2» a heat 
treater, has recently been appointed 
metallurgical supervisor *d heat 
treat engineer of the comp 












<] THE QUALITY NAMES IN ALLOY D< . 
LO FOR HEAT CORROSION ABRASION ILE 











CANINE MISCALCULATIONS? 


An award of One Crate of Oranges, direct 
fri the Grove, will be sent, prepaid, for 
the best caption submitted for the above 
picture, and one bushel of same for the 
second best caption. It must be printable, 
not over ten words in length. G.A. Shop 
Foremen will be the judges. You can ex- 
press your thoughts, Roscoe’s (the dog 
above), anybody's dog’s, etc. From our ob- 
servation, SOMEBODY MISCALCULATED, 
maybe just a dam builder. 


Miscalculations play a very small part in 
General Alloys ENGINEERING and METAL- 
LURGY, for behind the designs and recom- 
mendations of G.A. is an unequalled back- 
ground of EXPERIENCE. Experience in 
the application and behavior of alloys in 
thousands of diversified applications span- 
ning thirty -years. -xperience in DEVEL- 
OPING SPECIAL CASTING TECHNIQUES 
to CONTROL GRAIN SIZE, in relation to 
sustained-ductility and FATIGUE LIFE. 


All G.A. POLICY, Engineering, Manufactur- 
ing and Sales is directed at OBTAINING 
MAXIMUM SERVICE LIFE AND DEPEND- 
sDiLiiY PER POUND OF WEIGHT AND 


‘ ‘> ; 
PER DOLLAR COST. yt 


We are not foundrymen making castings 

to sell on cost-per-pound competition. We 

are Engineers sincerely seeking, within the 

limitations of our abilities, the ultimate 
FUNCTIONAL VALUES in our products. We have all 
modern facilities to effect “manufacturing economies”, 
but we recognize no “Economy” in our processes 
which does not contribute to ULTIMATE ECONOMY 
IN OVER-ALL SERVICE COST. 


We do not cater to the Buyer who is primarily con- 
cerned with buying the cheapest casting containing 
so-much Nickel & Chrome. That Buyer has much to 
learn. When he keeps track of his cost-per-heat-hour 
long enough to accumulate records on the “Cheap” 
stuff, one trial order of Q-Alloys or X-ite will mature 
his judgment. 







From our extensive experience with Jet & Turbine 
alloy parts, and the advanced processes we are devel- 
oping to meet the advanced requirements, we are im- 
proving our understanding, our personnel, and our fa- 
cilities to serve you better. 

, 


ssi etonnre_ 


(404464 60004800444 ~ 





lvertisement of General Alloys Company, Boston, 
“Oldest & Largest Exclusive Manufacturer of 
. Corrosion Resistant Castings) 

















BILLET SIZE INGOTS 


ECONOMICALLY PRODUCED 


With STeet FROM 





* Top-charging Lectromelt furnaces 
make the production of billet size ingots 
economical. Sharply reduced down time 
cuts power and other operating costs, 
reflecting savings in the finished article. 


And Lectromelt’s efficient functioning 
doesn’t require the purest of raw 
materials—a real advantage in these 
days of scarcities. Lectromelt furnaces 
are available in capacities ranging from 
100 tons to 250 pounds. Write for full 
details today. 


AM ie 






Pitteburgh 30, 


Manufactured in 


| ENGLAND 
Birlec, Ltd., Birmingham 


FRANCE 
Stein et Roubaix, Paris 


SPAIN 
General Electrica Espanola, 
Bilbao 


BELGIUM 





S.A.Beige Stein et Roubaix, 
Bressoux- Liege 


RGH LECTROMELT FURNACE CORPORATION 


Vetal Progress; Page 720 





Heat Treating 
in Vacuum* 
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Fi, XPERIMENTS were run in twp 

horizontal cylindrical, air-tigh 
chambers built of 35-15 alloy tube; 
Both were sealed in identical posi. 
tions within a furnace body heate 
by three burners, the temperature 
being controlled partly by checkin; 
the input of gas, partly by intro. 
ducing an excess of air, so ast 
keep the gas flow uniform. 

One of the chambers was used a; 
a vacuum vessel, the second wa; 
operated simultaneously with a cop. 
trolled atmosphere. A_ very high 
vacuum, of the order of one milliont 
of an atmosphere, was rapid) 
reached and easily maintained. 

One series of experiments dealt 
with the problem of malleableizing 
Original material contained 2.54% ( 
1.26% Si, 0.47% Mn. Durations were 
(a) normal cycle, (b) three-quarters 
normal and (c) half-normal. Results 
show that large content of hydrogen 
in the controlled atmosphere delays 
malleableizing. Nitrogen has n 
effect and “DX” gas (5% CO., 10 
CO, 12% H,, 3% H.O, 70% NX, 
seems to yield higher strength and 
but a slightly lower elongation in 
malleableized test pieces, 

Carburizing experiments with 3 
mixture of nitrogen and _ propane 
carefully cleansed from all traceable 
oxygen have shown that the theor) 
is fallacious which assumes oxyget 
to be necessary. Carburization pro- 
ceeds even in somewhat better man- 
ner in its absence. 

Elimination of occluded gases 
from deep drawing steels (meaning 
essentially, hydrogen) proceeds 
identically in a vacuum and 0 
nitrogen (or DX gas). The resulting 
Erichsen values are very clos 
which seems to indicate that a high 
degree of degassing (in vacuum 
leads to no substantial improvemet! 
in drawability. Both a rimmed ant 
a killed low-carbon steel behaved 0 
a nearly identical manner. In bot! 
steels drawability of pickled sheet 
improved to the same extent after 4 
3-day sojourn in air at ordinary 
temperature. 

Spheroidizing of carbides 12? 
high-carbon steel proceeds ident 
cally in a vacuum and in a coh 
trolled atmosphere. (To page 7% 


*Abstract of “Research in ot 
trolled Vacuum Heat Treating 
(report of work sponsored by Amer 
can Gas Assoc.) by Jack Huebler. 
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precise’ pouring 
temperatures 
almost instantaneously! 





... with THE NEW FOXBORO DYNALOG 
ELECTRONIC TEMPERATURE INDICATOR 








HERE'S AN INSTRUMENT that you can count on day after 
day for exact temperature measurements of non-ferrous 
pours. Its unique measuring action balances faster than the 
thermocouple comes to temperature. This cuts immersion 
time, and thermocouple replacement, to an absolute minimum. 


The first industrial instruments that take full advantage 
of electronic circuits, Dynalog Instruments have fewer moving 
parts... fewer parts to wear or get out of order. Their 
unique variable air capacitor provides friction-free, com- 
pletely stepless balancing. unlimited by slidewire turns, un- 
hampered by slidewire troubles. They require practically no 
maintenance. No knowledge of electronics required. For 
speed, accuracy, sensitivity and simplicity combined, they 


have no equal. 


Consider the advantages of the Dynalog Concentric 
Indicator as a means of getting better castings and greater 
foundry output. Examine the instrument from every angle 

performance records . . . convenience. . . service-life. Write 
for complete information now. The Foxboro Company, 
52 Neponset Ave., Foxboro, Mass., U. S. A. 


RECORDING 





‘ CONTROLLING - INDICATING 


OX BOR INSTRUMENTS 


REG. VU. S. PAT. OFF. 
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For GAS TIGHT WELDS 
at HIGH SPEEDS... 





EF USES GENEX 


| pues in the heating and cooling chambers of special atmosphere electric 
furnaces must be gas tight to prevent infiltration of air and escape of the 
protective gases used in heat treating, bright annealing, brazing and other processes. 

The Electric Furnace Company, Salem, Ohio, uses Murex Genex for welding 
their large gas-tight furnace chambers, some of which are over 150 feet in length. 
This outstanding E-6012 electrode not only assures sound, tight welds, but also 
provides real welding economy. Genex can be used at exceptionally high currents 
without overheating and without excessive spatter. This means higher welding 
speeds .. . lower welding costs. 

The M & T line includes covered and lightly coated electrodes for downhand and 
all-position work on mild and low alloy steels, and for stainless steels, bronze and 
aluminum as well as for hard surfacing and tool and die work. No matter what 
your problem, there is an M & T electrode to solve it. Write for catalog today. 


METAL & THERMIT CORPORATION 
120 BROADWAY © NEW YORK 5, N. Y. 
Boston * Chicago °* Cincinnati * Cleveland * Houston * Newark 
Philadelphia ° Pitttsburgh * So. San Francisco * Syracuse 
Minneapolis * Toronto 
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Heat Treating 
in Vacuum 
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(Continued from p. 720) 

The most important types of hea 
treatment — hardening and drawing 
— proceed identically in a vacuum 
and in an “RX” atmosphere (20, 
CO, 40% H,, 40% N,). Neither fing 
hardness nor impact strength chang 
noticeably. 

Heating in vacuum does not affect 
endurance of springs substantially 

The rates of carbon diffusion jp 
steel remain identical in vacuum 
and in nitrogen. No tests with other 
controlled atmospheres were under. 
taken, but the author developed a 
equation which, according to him 
should permit the computation of 
that rate under specific conditions, 
but no examples of completed con. 
putations are given. The equation 
was developed on the basis of : 
number of preliminary assumptions 
and suffers from the necessity of 
computing a number of factors. 





Eleetrodeposition oi 
Tungsten Alloys‘ 





ARD, dense, corrosion resistant 
deposits of tungsten, alloyed 
with iron, cobalt or nickel, can be 
obtained electrolytically. Those with 
cobalt, containing 30% tungsten, 
deposit most easily and give the best 
protection to the iron below. With 
the same thickness of dep§sit, Co-W 
resists salt-spray better than nickel 
The alloy as precipitated is lamel- 
lar and brittle. Heating to 2375°F 
eliminates this layered structure and 
renders the coating ductile. Initial 
hardness of 400 to 700 Vickers need 
not be lost, but can even be raised 
by 100 points if a drawing treatmen! 
is given at 1100°F. The deposi! 
retains a hardness of 290 Vickers # 
1300° F.—- compare with 50 for ® 
carbon steel at the same temperature 
Such coating should be of service 
for steel parts at high temperatures 
An example of the composition 
of the electrolyte is given and its 
added that it has very good throw 
ing power. No further /etails 
regarding the process are i! luded 


* Abstract of Technical Reyort - 
1152, National Bureau of St: .darés 





